ELECTRICITE TAMIL
PART —II
TEST -8

11thnghFj; -l ) NEiy> Mwwy kwWk jwd

e nykddiay

12thnjhFj) -l
kidNdhl 1 thay

11™H , awgiay,
myF - 4 Ntiy> Mwwvy, kwWk jwd
(Work, Energy and Power)

mwKFk

mdwhl thotyy Ntiy vdw nrhy gyjuggll ju=zqgfs)yy gadglLjjggLfwd. ,J
cly rhuej Ntiy kwwk kdk rhuej Ntiy Mha ,uzilAk FwfFk
czikay vejJ xU nrayghLk nghdthf Ntiy vdN\w miaoffggLk. Mdhy
,awgayly Ntiy vdw nrhy Jdyyakhd tivaswiaf nfhzlss xU ,ay
msthff FfUjggLfwd. xU nghUsd kJ nrayglLjjggll ©ir mjid
, Ikngaur nrajhy tisradhy Ntiy nraaggLfwJd. Ntay nratjwfhd jwd
Mwwy vd truvaWffggLbfwd. vdNt NtiyAk MwwYk XxjJj gqukh=zjijg
ngwwssd. ,awgayy Mwwyhdd ,aeju Mwwy kid Mwwy> ntgg Mwwy»
mZffU Mwwy Nghdw gyNtW tbtgfsy c<ossd. gy ,aejugfs xU
tifahd Mwwiy vLjJIfnfth=zL NtW tifahd Mwwiy ntsjgglLjIfidwd.
,gghlg gFjlaay Kfhakhft ,aeju Mwyid ,U tif Mwwyfshd ,aff
Mwwy kwWk eiy Mwwy MAlatwawf fh=zNghk. mLjJ tthjffggl ,Uggd
Ntiy nraAk tjk myyd Mwwy ntsjalggbk tjk MFk. Ntiy nraagglLk
tjk jwd vdggLk. fufnfl tissahlby xU rfjthaej mb vdgJd klrlahy
geij Ntfkhf mbggijf FwFfwj. ,ejg ghlggFjiahdd Ntiy> Mwwy kwWk
jwd MHa %dW ,ay msTfs kwwWk mtwwd KffajJdtk Fwjj XU eyy
Guj iy tsufFk Nehffjijf nfh=zlssd.

Ntiy (Work)

xU nghUsid kJ nrayglLk F vdw Yir mjid drvdw , Igngaurn VwgLj ji
efuj Jtjhff FUINthk.

fz|jyjtiayidgb> nghUsd kJ tiradhy nraaggll Ntiy (W) gdtUkhw
vOjggLfiwd.

W= E.dr
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viradhy nraaggll Ntiy

,gF F.dr ,d ngUffygyd xU JINfyu ngUffy myyJd Gssig ngUFFy
MFk. ,U ntflufsd JINfyu ngUffy gyd xU JINfyu kjigghFk. (gFj) 251
If fh=¥f). vdNt nraaggll Ntiy xU JNFfyu msthFk. ,J vzkjigig

kILk ngwwssJd kwWk piarawwd. SI myF Kiway nraaggll Ntiyad
myF NmmyyJd [y (J) MFk. mjd gukh=z thagghL [ML2T-2] MFk.

W =Fdrcosq |

uil
(ab = abCOSQvdgjhy). ,qF qvdgd nghUsid kJ nraygLjjggll
tirfFk mejgnghUsid , IgngaurnfFk , §1INa css Nfh=zkhFk.

tiradhy nraaggll Ntiy vdgd uwir (F) ,lIgngaurr (dr) kwWk
mtwwwh i INa css Nfhzk qgMfatwiw rhuejJd.

fof=z1l NeuTfslyy nraaggll Ntiy RoahFk.
(i) yar RogahFk Nghd (F=0)

cjhuzkh cuhatww xU Hiljjsg guggy khwh JiarNtEFjjry efUk
(cuhaT ,yyhjjhy) xUnghUs njhlued ,aqgfif nfh=Nl ,UFfFk (,J xU

,YIna (ideal) #oejiy)
(i) , lgngaurn RoahFk NghJd (dr=0)

cjhuzkhf Jilkhf css xU Rtud kJ tir nrYjjggllhy tharahdJ
vej , lgngaurnmaAk VwgLjjhJd.

(i) garAk , IgngaurnAk xdWfnthdW nrgFjjhf cssNghd (q=90°).

xU nghUshdd *Hieljjsy jJiiray efUkNghd Gtaugétiar (mg)
nghUsid kJ Ntiy VJk nraahd> Vnddyy mJ ,IgngaurnfF nrqFjjhf
nraygLfwJ.

tll ,affjjiy css nghUsidkd nraygLk wmkaNehfF tiarahdJd
Ntiy VJIK nraahd. Vnddyy mJ vgNghdk , IgngaurriffF nrgFjjhf cssJ.

nfhLffggll tb©ir (F) kwWwk ,lIgngaurry (dr) fF njhFjJssthw
mtwwHi INa css Nfhzk q MdJ nraaggll Ntiyad Kkjgig KbT
nrafwJd.

tiradhy nraaggLk vjufFw NtiyfF gy cjhuzqgfs cssd.
Tthyged tiisahlby> tuu (Goal keeper) mtau NehfH) tUk gelj XU tiarmar
nrYjjig gbffwhu mtgiarahdd gejid ,affjjwF vjupiray ged mtud
iffsyy XaTenyfF tUk tiou nrYjjggLfwd. ©armar nrYjJdk Neujjiy
mtu gejidkd vjuNtiy nrafiwhu -ejg ghlggFjlaay NkYk gy
VjuNt sy ffhd #oenyfs gww FwgNghk.

vLjITmIL
xU nglb 25 N wtiradhy 15 m ,lIgngaurr; VwgLkhW
,OffggLfwd. ©yarfFk ,lgngaurnfFk ,1lNa css Nfhzk 30° vdy
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tiradhy nraaggll Ntaymnaf th=T.

Jut
©ir F=25N
- Igngaurn dr=15m
FkwWk dr , iINa css Nfhzk q=30° nraaggll Ntiy W=Fdr

cos
W=25x15xc0530°:25x15x§

W =324.76 )

Nfth=k (q) kwwk Ntiyadik jdik
NFh=k (q) cosq NEay

q=0° 1 NeuFFwp ngUKkk
0<q<90° 0<cosq<1 NeufFw
(FWgNfh=K)
q=90° (nrg\Nfh=k) 0 Roy

90°<q < 180° -1<cosq<0 uFFw

q=180° -1 ufFwp ngUkk

Vi
V]

khwh )i raydhy nraaggll Ntiy

xU nghUsid kJ F vdw khwh ©hEr nraygLkNghd> tiraydhy dr vdw
nwW , Igngaurnia VwgLjjr nraaggll rw Nty dwTfhd njhluG

dW= (F cosq) dr

njghlitfF gy n Kjy ,Wj; ey rr tou , Igngaurr VwgLjj nraagglLk
nkhjj Ntiy

W=( ' dw

1

W:(‘):f (F cosq)dr =(F cosq)(jrrf dr

= (F cosg)(r; - 1)

fo css gugG khwhy tEraidhy nraaggll Ntaymaf Fwffwd.
khwhj ©iradhy nraaggll Ntiy
vLjITFhIL

egiwAss xU nghUs 5 m caujjiy ,Ued jJiuvay t©Ofwd.
Giaugé tiradhy nghUsidkd nraaggll Ntiy vdd? (fhwwd julmag
GwFFfzFfTk. GtiaugG KLffk g=10ms? vdf nfhsT).
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JuT

! ,eNeutty nghUsid kJ nraygLk tiir fo Nehffia Gtiaugé tir
mg MFk. ,J khwh tyirahFk.

GtiaugG taraidhy nraaggll Ntiy

I’fw r
W:(‘)F.dr

It r
W =(cosqydr = (mg.cosq)(r; -1,)

n

NkYk nghUshdJd gljjiy fhlbAssthW foNehffila Gtiaugé tmrad
F mg Jiiray efufwd. vdNt mtwwhrINa css Nfhzk g= 0°
cos0®° =1 kwWk , Igngaurr) (rs-ri) =5m
w=mg (I; - 1)
W=2xFfx5=F

vdNt nghUsid kJ nraygLk Gtiaugé tiiraxdhy nraaggll Ntiy
NeuFFw kjigigg ngwfwd.

vLjITFhIL

gljjiy ThibAssthW eiw m = 1lkg nfh=zl xU nghUs (=
30°rhaTfNfh=k nfh=zl 10m esKss cuhatw jJsjjiy NkyiUed
foNehffir rWFFfwJ. Gthaugé ©ar kwWk nrqFjJ tiradhy nghUsd
kd nraaggll Ntaymraf f=zffLf Gutaugé KLFFk (g) = 10 ms?2 vdf
TUJT.

JuT:

rhaTjjsjjly nghUs milAk KLffk gsing vd Keija
ghlggFjiasy f=zffHlLsNshk.

eAlldd ,uzlhk tjggb rhaTjjsijiy nghUsidkd nrayglk
wir F = mg sinq. ,ej ©irahdd nghUsid ,affk KOtJk khwhJ
vdgij mwaTk.

GiaugéG tiarad rhaTjjsjjd Hiljjst Bwdhy (mgsin q)
nraaggll Nty

W = E.d'r: Fdrcosf

,qQF f vdgd tir (mgsing) kwWk nghUs nryYk jiarfFk (dr)
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, 1INa css NfhzkhFk. ,eNeuttyy tyar (mg sing) kwWk , Igngaurn
dr Mfait xNu jiiray cssd. vdNt f=0°kwWk cos f=1

W =F dr =(mgsing) (dr)
(dr=rhajsjjid esk)

W=1" 10 “sin(30°) ~ 10=100'%:50J

mg cosgvdw $W kwWk nrgFjJ thir N Mfiait nghUs nryYk
JiarfEr nrgFjjhf cssjhy mit vej NtiyAk nraahd.

vLjIThIL

NkyNehtH wvwaggll 2 kg eiwAss XU nghUs 5 m caujij
miled gddu jrvay ted vOfwJd (FwWjjalmag GwFf=zFfTk) vdy
gdtutdtwaw f=TFfLT.

@ nghUs 5 m caujij milAkNghd Gtiaugé tsrahy nraaggll
NEry

(b) nghUs k=zLk jiumia milAkNghd GtiaugG tiirahy nraaggll
Nty

(c) GwaugG wiradhy NkyNehffia kwWk FfoNehffhia ,affjjly
nraaggll nkhjjNtay kwwk Kbtid ,awgay Kffiajdtjijf
FwgglLT.

JuT
nghUs NkyNehffir nryYkNghd , Igngaurri NkyNehffia jimraYk

nghUsid kJ nrayglLk GtiaugG tyar FfoNehffia jiaraYk nrayglLfidwd.
vdNt , IgngaurrnfFk Gtiaugé tiarfFk , 1INa css Nfh=zk 180° MFk.

(a) N\ky Nehffia ,affjjiy Gtiaugé tiiradhy nraaggll Ntiy
,qF dr=5m kwWk F=mg
W, =Fdr cosg = mgdr cos180°
Wy, =2710757 (-1) = =100 joule.

[c0s180° = -1]

(b) nghUs fToNehffi ©yfOkNghd GtiaugG twir kwWk , Igngaurr) ,u=zLk
xXNu  Jiirayy cssd. ,jd %yk Gtiaugc  tirfFk
, IghgaurnfFk , 1INa css Nfh=zk q =0°vd mwayhk.

W, = Fdrcos0°
W,, =27107 5" (1) =100 joule
[cos0° =1]
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(c) nghUsd KO gazjjd Nghd (NkyNehffia kwWk Ffo Nehffla
,affk) GuahgG taradhy nraaggll nkhjj Nty

W ik = Wiyt Wy,

=-100J + 100 =0

GahgG tirahdd nghUswF vttty MwwiyAk khwwtyysy vdgej ,J
FwffwJd. nghUs NkyNehffi wvwaggLkNghd GwFfhu=zfshy nghUSTF
Mwwy msiFfggLfwd. nghUs jJiUkg ted jiauayy NkhJdkNghd nghUs
ngww MwwyhdJd GtigguggwF khwwggLfiwd (j ivaiDs nryfwJd)

vLjIFTFhIL:
(@ xU gS J}fFgth 250 kg emwma 5000 N tirahy 5 m caujjwF
J}FFfwhh.

(a) gSJIfFFgtuhy nraaggll Ntiy vdd?
(b) GoahgG tErahy nraaggll Ntiy vdd?
() nghusid kJ nraaggll efu Nty vdd?
JhT:
a. 9gSJifFgth emwmaj J}IfFkNghd tirAk ,IgngahrrAk xNu jimray
cssjhy mtwwwhiINa css Nfhzk g =0°vdNt gSJ}fFgtuhy nraaggll
Ntiy.

W, 5, = Fwhcos 6 = Fwh(cos 0°)

=5000 x 5 x (1) =25000J =25 kJ

(b)gSI}fFFgth eawiaj J}FFKkNghJ GtahgCtimr TfoNehTf
nraygLtjhy TirAk , IgngahrriAk Vvjinujih Jiiray
cssd. vdNt mtwwwh i INa css Nfh=zk 6= 180°
W, = Fghcos 6 = mgh (cos 180°)
=250 x 10 x 5 (-1)
=-12500J=-125kJ

() nghusid kJ nraaggll efu Ntiy (nkhjj Ntiy)
We;fuk = Wg.J}+ VV<
=25k]J-125ki=+125KkJ

khwWwgLk tiraydhy nraaggll Ntiy

khwgLk ©ir (F) xdwd $W xU nghUsid kI nraygLk Nghd dr vdw nw
,Igngahrnia VwgLjj tiradhy nraagghll nW Ntiy (dw) FFhd njhlhG
dW = (F cos) dr
(F cos bvdgd Fvdw khWk tirad $W MFK)
,gPF kwwk oMfiait khwfs MFKk. njhlffF eiy riKjy ,Wjely rtiu
, Igngahrr VwgLjj nraaggll nkhjj Ntiay

It It

W = jdW = Fcosgdr

khwgLk tpirapoihy niraaggll NEsy tiruglk %yk Th=zgffgglLssJd.

tiugljjd fo css gugé khwk twiraidhy nraaggll Ntayraf Fwffwd.

vLjIFFhIL:
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nghiffjJiy xatty css xU nghUsd kJ F = kx2 vdw khWk tir
nraygLfwd. nghUshdd x = 0 m Kjy x = 4m tiu ,lIgngahrn mila
tiradhy nraaggll Ntiyiaf f=zFffLF. (khwy) k=1 N m?2 vdffUJT)
JhT:
nraaggll Ntiy
N : 64
W:(‘)F(x)dx=k(‘)x2dx:?Nm
X; 0
Mwwy, (ENERGY):
Mwwy vdgd Ntiy nraAk jwikNa MFk. mjhtJd> nraaggll Ntiy vdgJd
Mwwyid nrayghNI MFk. mjdhy jhd Ntiy kwWk Mwwy ,u=zLk XxNu
ghkh=zj i J¥ nfFh=zLssd(ML?T?2).
NEry U Mwwy
Mwwyid Kffiakhd mkrk ahnjdyy xU jdijj mikggwF midjJd tif
MwwyFfsid $Ljyy mjhtd nkhjj Mwwy vejr nrayghlbYk vttifahd
mfkhwwgfs VwgllhYk khwhky ,UfFk. ,jd nghUshdd xU tbtyy kiwAk
Mwwy  kwnwhU tbty ntspgng. ,JINt Mwwy khwh €1 vdgglLk.
,gghlggFjlasy ehk ,aeju Mwwy gww kILk fwgNghk.

,eju Mwwy ,U tifgglLk
1. ,aff Mwwy
2. eliy Mwwy

XU nghUs jdJ ,affjjidhy nfh=zLss Mwwy ,aff Mwwy vdggLk. xU
nghUs jdJ eaygghlbdhy nfhzlLss Mwwy ey Mwwy MFk.

Mwwyid SI myfhdJ nraaggll Ntiyad myNf MFk. mjhtd N m (myyJd)

Ly (3). Mwmwyid ghkh=k> nraaggll Ntiyad ghkh=zNk MFk mjd ghkh=zk

(ML?2T2) MFk. Mwwyid NEW myFfs kwWk mtwwd SI kjigéfs mllti=
,Y Th=zgffgglLssd.

Mwwyid kww myFFSTFr, rkkhd SI KkjigGfs:

myF , 1Zzahd [{y kjigGfs
1 Vhf (CGS myF) 107)
1 vyfluhd Nthyl (eV) 1.6 x 1019
1 FNyhh (cal) 4,186 )
1 fNyhthl k=) (kWh) 3.6 x108)

»aFff Mwwy (Kinetic Energy):

,aff Mwwy vdgd xU nghUs mjd ,affjjhy ngwwWss MwwyhFk. midjJ
,agFk nghUlfsk ,aff Mwiyf nfhzlssd. ,affjjiy css xU nghUs
Ntiy nratjwfhd jwikiag ngwUFFk. cjhuzkhf> xU Mzjad kJ xaT
egiyay i1tffggll xU Rjjlay M=zia kujjbDs nrYjjhd mNjrkak glk
fhlbathW mej Rjjlayhy M=z=zjia mbfFk Nghd mJd M=zjia kujjiDs
nryjJdfwd. xU nghUs ,aqFkNghd> ,affjjwfhf nraaggLk Ntaxyad
msthf ,aff Mwwy mstlggbfwd. ,aqFk nghUsid ,affjjwrhf
nraaggll Ntiyad msT nghUsid ejgw kwWk Jperthde vz kJigG
Mfiatwiwr rhhejd. ,affjjiy .,yyhJ xU nghUs ,aff MwwiyfT
nfh=zbUffhJ.

Ntiy - ,aff Mwwy Njwwk:
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NtiayAk MwYk rkkhdet. ,J ,aff MwYTFFk nghUedk. ,jid e&gff

m eiwAss xU nghUs cuhatww Fljjsg gquggy xatyy ,Uggjhff
TFUJINthk.

(F) vdw khwh tiraadhy mNj jJiiray (s) vdw ,lIgngahrnia VwglLjj
nraaggl Ntiy
W =Fs
khwhy tarffhd rkdghl
F=ma
%dwhtJd ,affr rkdghlil ,tthWw vOjyhk.
V2 = U2 + 2as
V2 -u®
C 2
a ,d kjigig rkdghL .,y gujal
2 2 A
F :mgv -u 9
€ 25 g
rkdghL> gupiasl
v feut 0
eZS QGZS g
w=Lmyv-imy
2 2

,aff MwYffhd Nfhit

W=m

Nkwf=1 rkdghlby g%mvzgvng (v) jiarNtfjjy ,aqFk (m) eiwAss
g

nghUsid ,aff MwwiyTt FwfFk.

KE = 1mv2
2

nghUsid ,aff Mwwy vgnghOJk NehFw kjigGm lajhFk.
rkdghL kwwWk ,y ,UeJd

AKE = lmv2 —lmu2
2 2

vdNt W =AKE
rkdghL ,y tyJd gffjjiy css Nfhit nghUusd ,aff Mwwy khWwghL (AKE)
MFk.

nghUsid kJ tiiradhy nraaggll Ntiy nghUsd ,aff Mwwiy khwWifwJ
vdgij ,J Fwffwd. ,INt Ntiy - ,aff Mwy Njwwk vdggLk.

Nty - ,aff Mwwy NjwwkhdJd fofh=zgtwiw cz=zhjIfwd.

1. nghUsd kJtieradhy nraaggll Ntsy NehfFwahf ,Uejhy mjd
,aff Mwwy myrfhifFfwd.

nghUsid kJ tiradhy nraaggll Ntiy vjhFwahf ,Uejhy mjd
,aff Mwwy Frwfwd.

nghUsid kJ tiradhy Ntiy VJk nraaggltiyay vdy mjd ,aff

Mwwy khwhd. ,J> nghUsid emw khwhj Nghd teradhy nghUshdJ
khwh Nt€fj iy ,aqgfiad vdgij Fwifwd.
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cejk kwwk ,aff Mwy , i1 INa css njhlhG:

m eiIwASS xU nghUs vvdw JarNtfjy ,agFgjhff fUINthk mjd
NehNFhIL cejk p mv kwWwk mjd ,aff Mwwy>

KE = lmv2
2

KE = 1mv2 = 1m (\L;.\'/)
2 2

rkdghL ,d gFj) kwwk njhFpia eaw m My ngUFF

2
KE = 1m*(vv)
m

1 1 w r
:% (mv).(mv) [p=mv]

,gF I vdgd cejjjid vz KjigghFk. NehNfhIL cejjjid vz Kjigig
, TthW ngwyhk. .
p|=p=+2m(KE)

.,aff Mwwy kwWk ejiw nfhLffggllhy cejjjid vz Kkjjgig kILNk f=Tfl
,aYk Mdhy cejjjid jiiriaf f=ffil ,ayhd vdgij mwaTk vnddwhy
,aff Mwwy kwWk ejiw Mflast JNFyh msTFshFk.

vLjITmIL
2 kg kwwk 4 kg eisw nfh=zl ,U nghUsfs 20 kg ms! vdw rk cejjJdlid
, agqFfidwd.
@ mit rk ,aff Mwwiyg ngwwUTFFkh?
(b) mat rk Ntfj i jg ngwUFFKkh?
JhT:
(@ nghUsid ,aff Mwwy

2
KE= P_
2m

2 kg eliwAss nghUsid ,aff Mwwy
KEl:(ZP) —@—100\]
272 4
4 kg eliwAss nghUsid ,aff Mwwy
2
KE, = (29) —400—50J
2°4 8

KE:TKE: vd mwaTk. mjhtd ,UnghUlIfSKk rk cejjijg ngwwUejhYk
mtwwd ,aff Mwwy rkkyy. fdkhd nghUs ,Nyrhd nghUis ¢l Fiwthd
,aff Mwwiyg ngwwssJd. Vnddwhy nfhLffggll cejjywF ,aff
MwwyhdJ e gwfF vjih tfjjjy cssJ.
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1
(KE p E)
(b) cejk p=mvvdgjhy ,U nghUITSKk rk Ntfjijg ngwwUTFFfhJ.
e iy Mwwy, (Potential Energy):

XU nghUsid ey Mwwy vdgd RwWgGwjijg nghWjd mjd ey kwWk
muikgigr rhhejJd. Vnddwhy nghUsid kJ nraygLk gyNeW twirfSk mjd
eliy kwWk mukgigr rhhejNj.

(P vdw Gssjagy css xU nghUsid egiy Mwwy vdgd mgnghUis xU
nghltf ei1yg Gss) O (njhlff egiy) Kjy Gss) P (,Wjeimy) tiu khwh
JiarNefj gy efh]]} Gwtym rahy nraaggll Ntiyad msT vd
tivaWffggLfwd). O vdw njhlffg Gssjayy ety Mwwy Ro vd voLjJf
nfhssyhk.
fz)jtayd gb ety Mwwy
U=(F dr

,gF njhifalbd vyiy (limit) nghl¥Ff eiygéss) O Kjy ,Wj) eliygéss| P
tiu mikAk

ey Mwwy gy tifggLk xtnthU tifAk xU Fwggll tirAld
nghihGilad. cjhu=zkhH

GihgG garadhy nghUs ngwWss MwwyhdJd <hgé mOjj Mwwy MFk.

RUstyy tir kwk ,J Nghdw ,i=zahd tirfsidhy ngwgglLk
MwwyhdJd klrnaOjj Mwwy MFK.

elly kddiay tjirahy ngwggL,k Mwwy kiddOjj Mwwy MFk.
Mwwy khwwh ©arfisg gww ghlggFg NkYk ththff fh=zyhk jwNghJd ehk
<hgG mOjj Mwwy kwWk klrnaOjj Mwwy gww thehf tehjffyhk.

GigguggwF mUfly, ejiy Mwwy:

CtayiUed h caujjiy <hgé mOjj Mwwy (U) vdgd nghUrs jruayiUed h
cauj gwF khwh giarNEfjjiy nfh=zL nryyj Njatahd Ntiyad msTfFr
rkkhFk.

(m) egiwAss xU nghUs jiruaylUed h caujjwF GtiahgéG tyarfF vjuhf
efhj JogLtjhff FUINthk.

nghUsid kj nrayglLk GtihgG tir (Llég)MdJ LIJ:Ig:—mg? (tirahdd vy

Jiiray cssjhy myF ntflh %,qF gadgLjjggLfwd). ,qF vjhFwahdJd

tir nrgFjjhf FfoNehffi nraygLtiajf prflfpwJ. nghUis KLffk ,dw

(khwh JrirNEFjIId) efhjj> Gexhgs tir (Fg)ﬂ: rkkhd vz KjigiigAk

vjhjiariaAk nfthz=zl lIéavdw Gwgir xdW nghUsid kJ nrayglLjjgl
ul ul ul

Nt=Lk. mjhtJd (Fa:—Fg),J Fa=+mgjvdgi jf FwFfwwd. NehfFwahdJ

nraygLjjoggll tir NkyNehffi nrgFjjhf cssJ vdgijf FwiffwJd. vdNt
nghUs NkyNehff; cahjjggLk Nghd mjd jJiarNtfk khwhky ,UfFk. mjdhy
mjd ,aff MwwYk khwhd. 'n" caujjry <hgé mOjj Mwwy (U) vdgd
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nghues jruayUed (h) caujjwF nfth=zL nryy Njstahd Ntiyad
msthFk.

w r hru o, r
U= (Fadr=gp|Fa dr‘cosq
0

, IgngahrnAk nraygLjjggll t©irAk mNj NkyNehffpza Jin rayy cssjhy
mtwwwi i INa css Nfhizko =0° vdNt cos0°=1kwWk |Fa :mg,‘d r‘:dr

h

U =mgdr
0

U= mg[r]z =mgh
nghUsly NrkiffgglLss eiryahwwyhdd Gwtiiradhy nraaggll NehFw
kjigbss Ntiyad %yk trvaWwffggLbfwd vdgmjy mwaTk. ,ayght ,J
Fwggd ahnjdy Gwgirmar nraygbLjdk miakgéG nghUSTF Mwwiy
khwWfwd kwWk mJ emyahwwyhfr NrkifFfggLfwJd.nghUshdJ h caujjiyiued
tOejhy NrkiffgglLss enyahwwy ,aff Mwwyhf khwwggLfwd.

XU nghUsid kJ Gwtyar nraygLk Nghd mgnghUs vtthW Ro KLffjJld
(khwh JiarNEF] JIy) ,aqFk?

nrayglLjjoggLk GwtarfF rhahf vjhjiaray kwnwhU tir nraygllhy ,J
rhjjiaNk. mit ,uzlLk rkkhd vzkjigagf nfth=zL xdWfnfthdW vjih
Jiiray nraygLtjhy> nghUsid kJ nrayglLk efutiir RoahFk. vdNt
nghUshdJ Ro KLffjJdld ,aqFk.

ehk gmyahwwiy truaiw nraAkNghd nghUshdd vd khwh JierNEFjjy
efhjjggl Nt=Lk? nghUshdd khwh piearNtEfFjjiy efutyyiy vdwhy mJ
nghl FF kwwk ,Wj enyfsy khWwgll jiarNtfgfaist nfth=zbUfFk. Ntiy
- ,aff Mwwy Njwwggbh Gwtiirahdd S$Ljyhf ,aff Mwwiyr nryYjJk.
Mdhy ehk eryahwwiy Gtiahgé ©iir RUstyy tir kwWwk $SYk tir
Nghdw ©arfSTF tiuvaWjJIsNshk. vdNt nghUas njhlff iy Kjy
,Wjermy tiu efhjjkNghd Gw mukgG (Gw tiEr) vey ,aff MwwiyAk
nrYjjf$sinhd.

vLjIFFhIL:

2kg eiwAss nghUs jiruaylUed 5m caujjwFFf nfh=L nryyggLfwd (g =

10 ms?) vdy

(@) nghUsiDs NrkiffgglLss g1 yahwwy ahd?

(b) ,ej emyahwwy vgfiued HiuljjJ?

() nghuss mej cauj jwkF vLjJr nryy vttsT Gwmr
nraygl Nt=Lk?

(d. nghUshdd 'h* caujywF vLjJIr nryyggbk Nghd mjd kJ
nraygLk efu tjir ahJd?

JhT:

a. giyahwwy U=mgh=2x10x5=100J) ,gF NehfFwahdJ nghUsiDs Mwwy
NrkiffgglLssi jt Fwffwd.

b. ,ej eiyahwwyhdd Gw tiria nraygLjJk ntsigbw mikggyUeJd
nghUSTF khwwgglLssJ.

c. nghUois 5 m caujjwF vLJIr nryy nrayglLjjoggll Gw fiar MdJ
u ul u
(Fa)Mda F.=-F,
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u
Fa=-(-mg¥)=mg§
?MdJ nrqFj jhf NkyNehffij jiiray nrayglLk xuyF ntflh MFk.

d) e yahwwyid tivaiwvay ,ued nghUshdJ khwh §
JiarNtfy gy efhj jggl Nt=Lk. vdNt nghUsid kJ
nrayglIJTk euEfu tir Ro MFk.

Fg +F.=0
kin ey Mwwy, (Elastic Potential Energy):

XU RUstyy elnailar nraaggllhy mjDs xU kstiir cUthfiwd.
RUstiyiy elnfffSba myyJd mOfff$sba tiradhy RUstly ngwss
ey Mwy kiIn egiy Mwwy vdggLk. ks tirfF vjuhfr nrayglLjjggll
tiradhy nraaggll Ntiy RUstiyyyy kln eiy Mwwyhfr NrkfFfggLfiwd.

XU RUstly - eiiw mikgigf fUJF. fhlbathW cuhatww fiiljjs Nkiray
m vdw ejaw 1tffgglLssjhft FUINthk.

,QF x =0 vdgd rkeilyg Gss) MFk. RUstiyyd xU Kid xU jilkhd
RthYk kWKid egiwAlIDk , izffgglLssJd.

RUstpyer‘dJ rkeiiyay ,UFfFk tiu mjd eiw Mwwy RoahFk. jwNghd xU
Gwhar (Fa)RUstpy eiw kJ nrayglLjjogglL tirad jiaray (X) nyhiyT
elnan 1fiwd.

ul
RUstyy tiir (Fs)vdwioffgng XU kstiir RUstyyylyy cUthf) giwia

mjd njhlff egiyfFFf nfhzLtu KaYfwJd. nrayglLjjggll t©ir kwWk
RUsty UI1:pirUII Mfiait vzkjiggy rkkhfTk vjnugh jJiiraYk cssd.

mjhtJ (Fa:—Fs). ~ f gyjpad g RUstiyylyy cUthFk kst
LIgsz—k;(

N!(szl rkdghlby css vjhfFwahdd RUstiytiir vgNghdk , Igngahrn
(x)fF vihjjiemray cssJd vdgijf Fwffwd kwWk k vdgd tir khwy)
MFk. vdNt nraygLjjggll tiar nga:+k;<.NethvpahdJ nrayglLjjogll ©ir
, lgngahrnad jpiray cssJ vdgijf Fwffiwd. RUstyy tiar , Igngahrn
x 1 rhhejiUggghy ,J khWk tiarfF xU vLjIffhllhFk. RUstlyy dx vdw nw
nghayTFfF Ielrpai Igghff FTUINthk. RUstiyyid kJ nrayglLjjggll
tiradhy x,lIgngahrn miltjwF nraaggll Ntiy kIn eiy MwwyhF
NrkrfFfggL fiwJ.

uU r o x_ . r
U=gFadr=g|Fa dr‘cosq
0

X

=( F.dxcosg
0
nrayglLjjggll ©ir tIJEakak , Igngahrn dr (mjhtd ,gF dx) Mhart xNu

Jinray cssd. nghlff emyrar rkeiny myyJ eilLejiyaht
vLjIfnth=lhy x=0 vdgJd njhifalbd fo vyiyahf cssJ.
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U= (‘)kxdx
0

ex2u"

U=Ks—
g 2
e < Up

U=k
2
nghliffeliy Roayiy vdy eiwahdd ey xiKjy xtou efhjjggllhy Kkin
erny Mwwy
U =%k(xf - xiz)
rkdghL kwWk %yk mwtJd ahnjdyy ellggll RUstiyyid eiy MwwyhdJd
gir khwy; k kwwk elrn myyd mKffk x Mfiatwiwr rhhejJ.

RUstiyyDs NrkiffgglLss eny Mwwyhd J RUstyYld
, 1ZzTfgglLss euiwmar rhhejjyy.

RUs tiyyid tiir - , Igngahrn tiuglk:

tirAk ,IgngahrrAk F=-kxvdw Nehtifiyj njhlhgy cssjhYk kwWwk mit
vjinugh jiirasy ,UggjhYk F kwk x ,1INa css tiuglkhdJd
fhlbAssthW ,u=zL kwWk ehdfhtd fhygFjiasy kILNKk miuakej Neh NFhlhf
cssd. ,J F - x tiuwlk tiugjd %yk kIn ey Mwwiy vsjjhff
fz{fulyhk. eloyilggll gugG (KfNfh=zk) RUstiyy tiirahy nraaggll Ntiy
MFk.

1

gugG =% (mbggFFl) (Cauk) =2 (4 ()

= Zkx?

RUstiyyid gy Mwwy, - , Igngahrn tiuglk
xU mKffggll myyJd ellggll RUstyy jJdDs Nrkiffggll emy Mwwiy
mjDId ,s=zffggll emswad ,aff Mwwyhf khwWfwd. eiy Mwwy -
,Igngahrrp tiruglkhdd fhllgglLssd. cuhatww #Hoyyyr MwwyhdJd
mikggd nkhjy Mwwy khwhythwW ,aff Mwwyyy ,Ued eny MwwyhfTk
kwwWk emy Mwwyry ,Ued ,aff MwwyhfTk k=zLk k=zLk khwwkislfwJ
rke m yay»
AKE =AU

vLjIFFhIL :
XU RUstiyfs A kwwk B ad RUskhwyfs vdwthW cssd. mit rk
virfshy elnailar nraaggllhy vej RUstiyyid kJ mjif Ntiy
nraaggl Nt=Lk?
JhT:

F = kaXa = KgXs

RUstiyfs kJ nraaggll Ntiy RUstiyfsy eiy Mwwyhf NrkfFfggLfiwd.
1 1
U,= Ek X2, UB=Eka§

ATAY
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ka> keFwggd Us> UaMFk. vdNt A- 1t ©l B - ,d kJ myFf Ntiy
nraaggl Nt=Lk

m elwAss xU nghUs RUstyYIld ,i=zffggll nrayglLjjgglLk

tiradhy mJ eLeiyay ,Ued 25cm mstwF elnan 1fiwd.

a RUsty - emw m 1 kggy NrkifFfggll eny Mww iy T

f=zfFfLT

b. ,ej elnay RUstlyy tyirahy nraaggll Ntiy ahJd?

c. RUstiyyhdd mNj 25 cm mstwF mK¥ffggllhy NrkffggLk
eny Mwwy kwWk mKTTj jidNghd RUstyy tirahy
nraaggll Nty MhatwiwF FfzFALF. (RUstyy khwyr k =

0.1 nm%)

JhT:
RUstiyy khwy) k=0.1 N m?
, Igngahrrn x=25cm=0.25m
a. RUstiyyiy Nrkiffggll eliy Mwwy

U :%kxzzé’o.l’ (0.25)?=0.0031J
b. RUstlyy tir EMy nraaggll Ntiy WskjigG
le“ r X r
Ws =g Fs.dr=(-kxd ) (oxi)
0 0

RUsty LIgstpir viihfFw x mrnd jiaray nraygLfwd. mNjrkak elrahdJd
NehfFw x mrrnd jisray nraygLfwd.

W, =( (-kx)dx = -%kx2
0

W, =- % 0.1” (0.25)% = -0.0031J

ntsigéw miukgghy nraaggll Ntiyad %yk eiy Mwwiy tiuaWffFyhk.
ey Mwwyy css NehfFwp Mwwyhdd mikggyUed nghUSTF
khwwggLta j ¥ Fwffwd. Mdhy ,eNehtty ks tirahy nraaggll Ntiy
vihfFw  kjigGilad. Vnddwhy kstiirahdJd ,Igngahrnad jiirfF
vjhjjisray nraygLfwd.

C. mKffjjid NghJk nghUs)y mN j
NrkfFfggLfiwJ.

= %kx2 =0.0031J

mMKFF ggLk Nghd RUstlyy ks tiirahy nraaggll Ntiy
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W, = Fods :6(kx$).(-dx$)

mKFffggLk Nehttyy RUstly kstiir NehfFw x mrir Nehffi nraygLfiwJ
kwWk , Igngahrrnahdd vjhfFw x mrnd jiiray cssJd.

Mwwy, khwwh kwWk Mwwy khwWk tiarfs (Conservative force and Non
conservative force)

Mwwy, khwwh )i r (Conservative Force):

xU nghUis efhjJk Nghd tiradhy myyJd tiarfnfjuhf nraaggll Ntiy
nghusid njhlfFf kwwk ,Wj) emyfis klILk rhhedk> nghUsid njhlff kwWk
,WJ enyfSTthilNa nrdw ghijad ,ayigr rhuhkYk ,Uggd; mtgip
Mwwy khwwh €©ar vdgglLk.

GCtay A vdw Gssjay css xU nghUisft TfUINthk. ,jid h caujjiy
css B vdw kwnwhU GssifF %dW ghi jfsly vLjJr nryyyhk.

ghij vtthW ,UggDk nghlff kwWwk ,Wj enyfs khwhky ,UFfFk tiru
GtahgG biarfnfjuhf nraaggll Ntiy khwhd. ,INt GtiahgéGC tiarahdJd
Mwwy khwwh tyarah¥ ,UggjwF fhu=zkhFk. Mwwy khwwh ©ir eay Mwwyid
vjihfFw rhaTfF rkkhFk.
XU ghkh=z Nehtyy
du

" Ta
kln RUstiy tir eiykdday tir fhejtir Gtiahgé tiir Nghdwit
Mwwy khwwh tarfSTfF cjhu=zgfs MFk.

Mwwy, khwWk tir (Non-Conservative Force)

xU nghUis tiradhy myyd tirfnfjuhf efhjjr nraaggll Ntiy
nghlfF kwwk ,Wj eiyfSThilNa css ghijrar rhhejUggd mtoiar
Mwwy khwWk ®©ir vdggLk. ,jd nghUs nttNtW ghijfs)y nraaggll
Ntsyad kjigG khWgLk vdgjhFk.

1. cuhaT tirfs Mwwy khwWk tiirfs MFk. Vvnddwhy cuhaTfF vjuhf
nraaggll Ntiy nghUs efhej ghijad njhiyntr rhhejJ.

fwwyjalahy VwgLk t©ir ghfhay tir MHhartAk Mwwy khwWk
tirfs MFk ,ttirahy myyJ

Mwwy, khwwh kwWk Mwwy, khwWk tiarfis xggLjy:;

tv=z Mwwy, khwwh ©arfs, Mwwy, KnwWk t©arfs
1. nraaggll Nty ghaijiar |nraaggll Ntiy ghijiar rhhejJd
rihejjyy
2 xU Rwwy nraaggll Ntiy | xU Rwwpy nraaggll NEtry
RojahFk Roayy
3. nkhjj Mwwy khwhJ Mwwyhd J ntgg Mwwy> XS]
4

Mwwyhft ntsjggLfiwJ

nraaggll Ntiy KOtJk |nraaggll NEry KOtJk
kifgglf $bad klfgglf $bad myy.

5. tYirahdJd eny Mwwyid | mJ Nghdw nghlhG ,ymy

vjhfFw rhaTfF rkkhFk

tarfnfjuhf nraaggll Nty ,affjjid parNtfjajr rhhejJd.
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Mwwy khwwh kwWk Mwwy khwWk tiarfsid g=zGfs njhFffgglLssd.

vLjITFhiL:
fof=z1 NehTfs)y GtiahgéG tiiradhy nraaggll Ntiyiaf f=FffLFT

JhT:
_ u
gir F:mg(—ﬁ):—mgﬁ
, Igngahrr ntflh dlr:dx$+dy§
(,Igngahrrp  ,U ghkh=zjjry cssjhy myF ntflhfs ? kwwk §
gadgLjjggLfwJ)

(@) ,affkhdd nrgFjjhf kILk cssjhy> ,lIgngahrnad HialjjstswW dx
RoahFk. vdNt ghij 1 ,d toNa wtiradhy nraaggll Ntiy (h
njhsytwF)
BLr r B
Wghijlz(\)F'dr:0(_mg§)'(dy§)
A A
h

=-mg(dy =-mgh

0
ghij 2 ,y nraaggll nkhjj Ntiay
B r CSuw r Puw r Bu r
=gFdr= oFdr+gFdr+yF.dr
A A Cc D

W

ghii j2

Mdhy

(—mg?).(dxﬂ:O

oNa tiiradhy nraaggll nkhjj Ntiy
Bur r
Wghij2: OF.dr:_mgh

A
Mwwy khwwh tiradhy nraaggll Nty ghaijiar rhhejjyy vdgij
mwaTk.

vLjIFFhIL

2kg eiwAss xU nghUs ,aff cuhaTf F=Tk 0.9 nfh=zLss xU guggy 20
N Gwtaradhy 10m njhaytwF efhjjggLtjhff fUIT. Gwhgiar kwwk ,aff
cuhatidhy nraaggll Ntiy vdd? Kbitg gwa fUjijf $WF (g=10ms

2vdf nfhsT)
JhT:
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Mm=2Kkg,d=10m, Fexx =20 N, = px = 0.9
xU nghUs fim Ikl guggy ,agFk Nghd mJd ,U tiarfasg ngWfwd.
a. Gw gir Fex=20N
b. ,aff cuhaT wir
fk=pkmg=0.9x (2) x10=18 N

Gwtyiraadhy nraaggll Ntiy
Wext = Fg =20 x 10 = 200 J
,aff cuhaT tiradhy nraaggll Ntiy
Wi = fd = (-18) x 10 = - 180 J
,gF vjhfFwahdd ,aff cuhaT twir ,Igngahrnad jJiarfF vjuhf
cssijt Fwifwd.

nghUsid kJ nraaggll nkhjj Ntiy

W total = Wext + Wi =200 -180=201
cuhaT gir xU Mwwy khwWk tier vdgjhy Gwtiarahy nfhLffggll 200 J
.Y 190J) ,offggllJd kwwk ,jid kInlLff ,ayhd.

Mwwy, khwh tgj) (Law of Conservation of energy):

XU nghUas ehk NkyNehffi vwejhy mjd ,aff Mwwy Fiwed nfh=NI
nryfwd kwWk mjd ey Mwwy mjFhjIf nfh=Nl nryfwd (FhwWj
jilia GwFF=zFFkNghd) nghUshdd ngUk caujij milAKkNghd Mwwy
KOtJdk egiy MwwyhFk. mJNghdW nghUshdd ngUk caujjiy ,Ued
tOejhy mjd ,aff Mwwy mjfhfFk kwWk eiy Mwwy FiwAK. jJiulaj
nghLkNghd mjd Mwwy KOtJIk ,aff MwwyhFk. , ilggll Gssifsyy
Mwwyhdd ,aff MwwyhfTk ey MwwyhfTk ,UFFk nghUshdd jiruima
milAKk Nghd ,aff

,eJ cjhu=zjjiy xtnthU GssjajlYk emyahwwy kwWk ,aff Mwwy khWk.
vdDk ,aff Mwwy kwWk eiy Mwwyid $Ljy mjhtd nkhjj ,aeju
Mwwy vgNghJdk khwhd. ,J nkhjj Mwwy khwhd vdgijf Fwffwd. ,JINt
Mwwy khwh t)jiahFk.

Mwwy khwh tjasdgh Mwwiy MFNth moffNth ,ayhd. Mwwyhdd xU
tifayUed kwnwhU tifahf khwfBbad. Mdhy xU jdijj mikggd nkhjj
Mwwy khwiyiah® , UFFk.

tstFtJd ahnjdyh caujjiy xatty css xU nghUsid nkhjj Mwwy
KotJk ey Mwwy (U= mgh) KILNk. NkYk h caujjiy mjd ,aff Mwwy
(KE) RoahFk.

nghUs fNo t©OkKNghd 'y' njhiytlyy mjd emyahwwy kwWk ,aff Mwwy
Roahfhd. mNjrkak h caujjiy ,Uej mNjJ mstyy nkhjj Mwwy khwhky
,UFFk. nghUs jiumaj njhl neUgFk Nghd eiy Mwwy RoahFk kwWk
nkhjj Mwwy ,aff Mwwyhf kKILNk ,UFFk.

vLjIFFhIL
1kg eiwAss xU nghUs h=10m caujjyiUed tOfwd.

(@) h=10m caujjiy nghUsid nkhjj Mwwy
(b)h=4m caujjy nghUsid eiy Mwwy
(c)h=4m caujjiy nghUsid ,aff Mwwy
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(dnghUs jruasy Nkhdk Ntfk MfatwawfF F=THLT.
(g =10 ms2vdf nfhst)

JhT:
(@ Guoahgt wwir Mwwy khwwh tErahFk vdNt ,affk KOtJdk
nkhjj Mwwy khwhky ,UFFk.

= 10 m caujjiy nkhjj Mwwy (E) KOtJk eiy Mwwyhf
, UFFk.
E=U=mgh=1x10x10=1001J
(b)h=4m caujjiy ey Mwwy
U=mgh=1x10%x4=40]

(© ,affk KOtJdk nkhjj Mwwy  khwiyy vdgghy h = 4 m
caujjy ,aff MwwyhdJ
KE =E - U =100 - 40 = 60J

khwhf 4 m caujjiy nghUsid piarNtefjjy ,Uedk ,aff Mwiyf fh=zyhk.
6m toej gwF css jpiirNtfjij ,affr rkdghlbyUed f=zfflyhk.

v=42gh=v2710"6=120ms™
v? =120

,aff Mwwy KE :%mvz :%’ 17120=60J

d. nghUs jurvasy Nkhdk emyay nkhjj Mwwy KOtJdk ,aff
MwwyhFk. NkYk eiy Mwwy U =0

E=KE= %mv2 =100J

V= \/E KE 2\/%'100 =200 »14.12ms™
m

vLjIFmiIL
gljgry ThlbAssthW 100 kg eiwAss xU nghUs jJruayilUed 10 m
caugyjwF ,U khwgll tofsy J}ffggLfwd. ,U NehTfsiYk Gtiahgghy
nraaggl Ntiy vdd? rhajsjjd toahf nghUis vLjJIr nrytd vghf
cssJ vd?

JhT:
m =100 kg, h=10m
ghij (1) ,d toNa:
nghuis 10 m caujjwkFj J}ffj Njitahd rWk t©ir F: tfir GtahgG
viarfFr rkkhf ,UFF Nt=zLk

F1=mg =100 x 10 = 1000 N
ghij (1) ,d toNa efhej njhiyT h=10m
ghij (1) ,d toNa nghUsid kJ nraaggll Ntiy

W = Fh =1000 x 10 = 10,000 J

ghij (2) ,d toNa:
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rhajsjjid toNa nghUisft nfh=zL nryy nghUsd kJ ehk nrYjJdk nwk
tir F:MdJ mg- fF rkkhf ,yry> khwhf mg sin6-FF rkkhFk. mg sin6< mg)

vdNt (mg sin 6< mg)
rhajsg ghi Jad eskhdJ

NEry W =F,l =500 x 20 = 10,000 J
GoahgéG twirahdd Mwwy khwwh tTiEr vdgjhy Gtiahgghy nghUsid kJ
nraaggll Ntiy mjid nfh=zL nrdw ghijrar rhhejjyy.

,U ghi jTsiYk GtgahgéG thirahy nraaggll Ntiy 100000 J MFk.

ghij (1) ,d toNa: Fiwthd njhayT efhjj GutiahgGFF vjuhf mjFkhd
tir nrYjj Nt=zbAssJd.

ghij (2) ,d toNa: mjyfkhd njhayT efhjj GtiahgGFF vjuhf Frwthd
tir nrYjj Nt=bAssJ.

rhagsjjid toNa nrYjjggl Nt=ba tir Fiwthf cssjhy rhajsjjd
toahf nghUis vLjJJr nrytd vgjhf cssJ.

vLjIFFhlL:
m e iwAss XU nghUs jiuayiUed vovdw njhlfFf NefjIld VwaggLfwd. h
caujjiy mjd Nefjajf fh=+F
JhT:

GahgG war Mwwy khwwh tiar vdgjhy ,affk KOtJk nkhjj Mwwy
khwhJ.

Mwwy, njhl1£ERjIy. sWjlay,
>,aff Mwwy 1
—mv; 3 mv

2

ey Mwwy 0 mgh

nkhyj Mwwy 1, 1, 1,
=mvi+0==mv =mv‘ +mgh
2 ° 2 ° 2

h caujjiy ety Mwy ,aff Mwwy kwWk nkhjj Mwwy Mflatwwd ,W]j)
kjigGfs f=zfRlgglLssd.

Mwwy khwh tjiaod gb njhlfF kwWk ,Wj) nkhjj Mwwyfs rkkhFk.

%mvj :%mvz +mgh

V. =v? +2gh

v =V, -2gh
ghlggFy) ,y ,afftay rkdghlalg gadgLjj) E=zf=)j Kiwggbh ,J Nghdw
KbT ngwggllij fediffTk. vdDk Mwwy khwh tjiasd Kiwggbh f=zfHLtJd
Ezfz)) Kiwratl kfTk vsjjhf cssJ.
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XU RUstiyYIld ,1=ffggll 2kg eiwTss xU nghUs mjd rkenyayUed
Xx=10m vdw njhayTFF efhjjggLfiwd. RUstty khwy) k=1 N m-1kwWk gugG
cuhatwwthff FUJIT.

a. nghUshdJd rkeaynaf FIFFkNghd mjd Ntfk vdd?

b. nghUshdd rkeayiaf FIfFk Nghdkx = = 10 m vdw tskG
giyia fITFk NghJdk nghUsid kJ nraygLk tiir ahd?

RUsttyy tir xU Mwwy khwwh ®©ir Mifahy nkhjj Mwwy
khwy; MFk. x = 10m vDkNghd nkhjj Mwwy KOtJk ey
Mwwyh¥ KkILNk ,UFFk.

E=U :%kx2 :%' (1)” (10)* =50J
nghUs rkejsyraf fITFk Nghd (x=0),egiy MwwyhdJd

U:%'l'(O):OJ

,eeiiyay KO MwYk ,aff Mwyhf KILNk cssJ.
E =KE =%mv2 =50J
Ntk

v :\/ZKE :\/2 250 =/50ms™ »7.07 ms™
m

RUstiyyid kstir F=-kx vdgjhy nghUshdJ eLemynaf fITFk Nghd mJ
vttiriaAk czuhd. eLeiyay nghUshdd kf Ntfkhf efUfwJ vdgij

mwaTk. nghushdJd x=+10m (elrn) vdw ejiyaly cssNghd tir F=-kx

F=-1) (10) = - 10N ,gF vjhFwahdJ tir eLejayia Nehffp mjhtd vjh
mriar Nehfh cssijf Fwifiwd. NkYk nghUshdJ

x=x10m (mMKFffk) vdw eiyay cssNghd mJd c=zUk tir

F=-12) (10) = - 10N ,gF NehfFwahdJd tjar Neh x - mrar Nehffi cssijf
Fwiffwd.

vdw eiyay nghUshdd ,ejJ ,U tiskG GsisifsiYk ngUk tiria
czhejhYk f=zNeu xaT eiyfF tUfwd.

nrgFjJ tll ,affk (Motion in avertical circle):

m eilwAss XU nghUs eiawaww elrj jdikaww Elyld xU Kiday
, 1 ZzTfggLfiwd. NKY k> Elvid kWK idahdJ e nyahf » UFFKhW
nghUjjgglLssd. mejgnghUs nrgFjJj jJsjijry mikejy tll ,affjij
Nkwnfthstjhff gww mwa jdijj InghUspd bgiargglk (Free body dagram) xd swf
FUINEhK. ,qF eiliyntflh (r) MdJ nrgFjjhd foNehffia jiirAld

NFh=zjuj ovwgLj gl gljjiy cssthw cldb jisrNefjajf nfh=zLssJ.
1. fo Nehff) nraygLk GtyahgG timr
2. E}yid toNa nraygLk ,Otiar
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nghUsid kJ egAlldd ,u=zlhk tjjiag gadgLjj> nghLNFhlL] paray’
mg sin 6 = mat

& v

& dt

,gF :% vdgJd njhLNFhILj jiairayy vjh KLFFk MFk.

Mujjiarayy>

mgsin 6 =-m

T-mgcosd =m ar
2
T-mgcos 6=

2

,qF a = vdgJ ikaNehfF KLFfk MFk.
r

,affjij edF CHed nfhisSktifay tlljij A B C, D vdw ehdF
gFjifshfg ghffyhk. Nkwf=l1 ,U rkdghLfsy ,Ued foffz=zlthW ehdF
Kffia fUjJJfis Ghed nfhssyhk

1. nghUshdd midjJd 6 KkJigeFSTFk (6= 0° jtw) njhLNFhiLj jJraray
KLffjij (g sin ) nfh=zbUffwd. ,ejJ nrgFjJd tll ,affk xU ruhd
tll ,affk myy vdgJd njsithfiwd.

. rkdghLfs kwWk ,ued mwed nfhstd vddntdy ,affjjid NghJd
JiarNefjjid v= Kkjigé khwtjhy> Elyid ,OtiirAk khWHfdwd.

d A kwWk D gFjifsy (-

%<0<%kak cos ONehfFw) mg cosOvgNghdk Romatil mjifkhFk. vdNt
JiarNtfk RoahdhYk ,Otjir Roahfhd.

2

4. rkdgh. =T —mgcosgNkYk RIbFFIILEI tlljjd B kwwk C gFjifsy
r

('0 <q<7pkak cos OvjihfFw)> rkdghlbd ,u=zlhtd gFj; (- mg cos 0) vgNghJdk
Ropla tl mpfkhFk. vdNt ,Otimr RoahdhYk jJiarNtfk Roahthd.

nrqgFjJ tll ,affk njhlhghd f=zfFfis jhTfh=kNghd Nkwf=zl fUjIfis
kdjiy nfhs Nt=Lk.

mbggff Gss) 1 kwWk NkwgffGss) 2 Mfa ,U eiyfis klILk fUjjy
rl1fth NkYk gFgghaT nraNth!<. nghUsid jiarNtfkhdJ mbggffGSSp 1.,y

vwvdTk. Nkwgff Gss| 2 ,y v.vdTk NtW vej GssalYk vvdTk nfhst.
JiarNefjjid piir midjJdg GssifsiYk tlhigghijad njflLthle Jiiray
cssJ. mbggffg Gssp yiUed E}lyid ,OtiirahdJ Tlvdi> Nkwg FF

GssayiUed ,0Otiir TszTk NEW vej GssiatYk ,Otir TvdTk nfhst.
xtnthU Gsspaka ,Otinrakagtssjaa Nehfh nraygprwJ Mwwy  khwh
pjplag gadgLJJp ,ej ,U GssifsiYk ,Otimrfs kwWk jiarNtfgfis
f=zfhlyhk
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mbggff Gss) (1):

nghUshdJd mbggff Gss) 1 ,y cssNgh Guahgé tiar manghUspd kJ

nrqFjjhf foNehffi nraygLfwd kwWk ,Otiir T:nrgFjjhFf NkyNehff
mjhtJd mkagGssiia Nehff) nraygLfwd. rkdghL ,UeJ ehk ngWwtJ

2
mv.
T, -mg :Tl

2
mv.
T,=—L1+mg
Yoo

Nkwgff Gss) (2): .
Nkwgff Gss) 2 ,y nghUsid kjhd GtyahgG timr ma kwwk ,OtiEr T:Mfia
,UzZLKk FoNehffi mjhtd mkagGssiia Nehffi nraygLfiwd.

mv>

T,+mg =—2

m2

T,=—%-mg

rkdghLfs kwWk T:> T. vd mwayhk. ,Otjirad NtWghL T: -T>. MdJ
rkdghL rkdghL ,UeJ foggjd %yk ngwggLfiwd.
mv; +mg-F mv; —mgt-j
r ' p
e
2 2

mv; mv;
+mg - +mg
r r

Tl_TZ =

T,-T, :$gvf —v§H+ 2mg

Gssi 1 kwWk 2 ,y Mwwy khwh tjjiag gadgLjji gv; -v;jkjigig vsjhff
f=FRlyhk.

,OtirAk nghUs nryYk JiarAk vgNghdk xdWfnthdW nrqgFjjhf
cssjhy ,OtirahdJd nghUsid kJ vttj NtiyAk nraahd.

GoahgG tEarahdd nghUsid kJ Ntiy nrafwd. NkYk mJ Mwwy khwwh
tir vdgjhy ,affk KOtJKk nghUsid nkhjj Mwwy khwhJ.

Gss) 1 ,y css nkhjj Mwwy (E1) Gss) 2 ,y ©ss nkhjj Mwwy (E2) fF
rkkhFk.

Ei1=E;
Gsskp) 1 ,y elfiy Mwy U1 =0 (Gss) 1 1 FwgGg Gssjahf vLjIdfnfhstjd
%Ny

Gssi 1l ,y ,aff Mwwy KE; = %mvf

G6ssi 1 ,y nkhjj Mwwy E =U, + KE1:O+%mvf:%mvl2

»JNghdNw Gss) 2 ,y eliy Mwwy Uz =mg (2r)
Gssi 1 ,y ,Ued hkjigG 2r MFK)

Gss) 2 ,y ,aff Mwwy KE;= %mvz2

Gss) 2 ,y nkhjj Mwwy
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E,=U,+KE, = 2mgr+%mv22

rkdghL cssthW Mwwy khwh tjiggb

%mvl2 = 2mgr + %mvz2

khwwia | KFF
%m(vl2 -Vv2)=2mgr

V2 -VZ =4gr
rkdghL rkdghL gupal

T,-T,= ?[4gr] +2mg

vdNt ,Otirray khwghlhdJ
T,-T, =6mg

NkwgfF Gss) (2) ,y nWk NtfFk:

nghUshdd Gss) 2 ,y XU nWk Ntfjijf nfh=zbUff Nt=zLk ,yiynady
Gss) 2 1 milAk Kdghf E}lyhdj jshTwW mjdhy nghUs tlligghijia
eawT nraahd. ,ej rWk Ntfjnjf f=fhHl rkdghL ,y ,Otiar T,=0vdf
nfhsNthk.

mv;
r

mv;

0= -mg

=mg

2
vV, =rg

nghUshdJ tllgghijayy njhlhej ,aqf Gss) 2 ,y v,3/gr vdw NtFjijf
nfhzbUFF Nt=Lk.

mbgGss) (1) ,y rwk Ntfk:
Gssi 2 ,y ,ej riWwk Ntefjijg (vzzﬁ)ngw nghUshdJd Gss) 1 Yk xU nwk
NtfFjijf nfFh=zbUFF Nt=Lk.
rkdghL Ig gadgLjj) Gss) 1 ,y Wk Nefjij ehk fh=zyhk.
2 2 _
v, -V, =4gr
rkdghL gujal
v/ - gr =4gr

2

v, =5¢gr
Vv, =4/90r

nghUshdJd tllgghi jary njhlhed ,aqf Gssi 1 ,y (v,350r)vdw Ntfjijf
nfh=zbUTfF Nt=Lk.

rkdghLfs ,Ued mwtJd vddntdy nghUs tllgghijia ©lL tyfhky
e iwT nraa mbgGss) 1 ,y rnWk NtfkhdJd Nkwgff Gss| 2 ,y css Wk

NEeFjij tl J5kIgF ,UFF Nt=Lk
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vLjIFFhlL:
fawwld fllggll xU thsjay css eh 05 m MuKss nrgFjJd tlljij
Rwwj RowwggLfwd. ,affjjid Nghd euhdd thsiay ,Ued rejhky ,UFF
mbgGssjaly ,Uff Nt=zba rwk jiarNtFjajf F=FALF (g =10 ms?)
JhT

thljjd Muk r=05m

Nkwgff Gssiary Njitahd Ntfk v, =./gr=+10"05=5ms™

mbggff Gssjay Ntfk v, =,5gr=+5"/gr =57 /5 =5ms™
Jwd, (Power):
Jjwdid tiuvaiw.
Jjwd vdgd vttsT Ntfkhf myyJd nkJthf xU Ntiy nraaggLfwd vdgjd
msthFk. Ntiy nraaggLk tjk myyJd Mwwy ntsggLk tjk jwd vd
truvaWffggLfwd.

_ nraaggll Nti

vLj IFnfh= 1 Neuk (1)
W

P=—
t

ruhrhyj; jwd:
nraaggll nkhjj NtiyfFk vLjJJIf nfh=l nkhjj NeujjwFk , §lNa
css tfyjk ruhrhgjwd (P,,,,)vd tivaWffggLfwJ.

_nraaggll nkhj j Nty
(Pruhrhp) -

vLj JFnfh= 1 nkhj j Neuk

cldbj jwd:
XU = Neujjiy (Neu , mlnts) Roma neUqFk NghJd) ntsiggLk jwd
cldbj jwd (P.,,,)vd truaWffggLfwd.

dw
P =
( Cldb) d

t

Jwdid myF:

jwd xU JNFyh msthFk. mjd ghkh=zk (ML2T3) gwdid SI myF thl
W) vdw euhty L,aejugnjf TFT=lLgbjj N[k] thl ngauhy
m s offggLfwd.

xU +tidhbazy xU [y Ntiy nraagglhlhy jwd xU thl vd
tivaWwffgglLfwd. (AW = 1s?1) fINyhthl (KW), nkfhthl (MW) kwWk
[fhthl (GW) MAait jwdd cah myFfs MFk.

1 KW =1000 W = 103thl

1 MW = 106thl

1 GW = 10°thl
NkhlIhhfs> ,aejugfs kwWk rny jhdiagf) thfdgfSTF Fjiaujjwd
(horse — power) (hp) vdwioffggLk jwdid gmioa myfhdd t=zjfhjiahf
,dDk gadghlby cssJ. Fpinujjwiad (hp) €hl (W) vdw my Ty Kkhww

lhp =746 W
midjJd kd rhjdgfsd kJIk xU Fwggll jwdid msT mrnlgglL
toqgfggLfidwd. xU 100 thl tistF (bulb) xU tdhbayy 100 [y kd
Mwwiy Efhfwd. [{y vdw myfthy msffggL,k Mwwyid jwid thl
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vdw myfYk Neujmj tidhb vdw myfYk FwggLtjhy 1J=1Ws vd
vOjvyhk. kd cgfuzgfs gy k=i NeujjwF gadghlby <ssNghd
mit mpf mstyhd Mwiy EfUfidwd. kkd Mwwiy thl tidhb (Ws)
vdw rwa myfily mstiLkNghd ngha vz KkjigcFist mfahs Nt=Lk.

vdNt kd Mwwyhdd FiNyhthl k=) (kilowatt hour — kwh) vdw myfthy
mstlggLfiwd.

1 kid myF (1 Adil) =1 KWh =1 (103W) x 3600 s)
1 kid myF =3600 x 103 Ws
1 kd myF =3.6x108)
1 KWh = 3.6 106 ]
kd Mwwy EFfhTFF KWh vdw myfiy kdfll=z glbayfs
jJahhffggLfidwd. 1 myF kd Mwwy vdgJd 1 KWh MFk.
(FwigG: KWh vdgd Mwwyid myF; gwdid myF myy)

vL jIFFhiL:
xU 75 W kdtrw jidKk 8 k=) Neuk xU khjjjwF (30 ehlfs)
gadgLjjgglihy Efuggll Mwiy kd myfiy f=FALT
JhT:
jwd P=75W
gadghlL Neuk t=8 k=) x30 ehlfs =240 k=) Efuggll kid

MwwyhdJ Jwd kwWk gadghlL Neuk Mfiatwwd ngUffy gyd
MFK.

kd Mwwy = jwd xgadghlL Neuk =P x t
=75 thl x240 k=
=18000 thl k=)
=18 fiNyh thl k=) =18 KWh
1 kd myF =1KWh
kd Mwwy =18 myF

kddimo tistFfs 1000 k= Neuk xstRk. CFL tistFfs 6000 k=|

Neuk xsitRk. Mdhy LED tistFfs 50000 k=zNeuk xs| €tRk (Vwjjho 25
M=zLTs> ehnshdWfF 55 k=) Neuk)

Jwd kwwk jiirNtfk MfiatwWfF , iINa css njhlhG:
Fvdw tiiradhy drvdw , IgngahrrifF nraaggll Ntiy
W =F.dr
rkdghL ,1J gffjjiy cssij ,tthW vOjyhk.
W = jdw = @—dd(;’l’ t
(dt - ,y ngUFFTk tFFfFfTk nraa)

r 1 1
JiarNtfk v=%vdgj hy dr=vdt

rkdghL tyJ gffjjy Clssij , Tthw vOj;l/hk
o r_aWdro wry & r odri
(‘)F.dr:(‘)gF.ﬂmt:O(F.v)dtészﬂu
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rkdghL rkdghL ,y gujal

Odﬂdt-(Fv)dt

_ry
aedﬂ—Fv dt=0
O 5
.€] njhlhghdJ dt ,d vej xU jddrirahd KkjggwFk rhah¥
cssJd. milg6fFwfFs css kjigé Roahf ,UfF Nt=zLk vdgij ,J
FwffwJd. mjhtJd

dw dw _—=r

_:—FV om J —:FV

dt Yy dt

vLjIFFhIL:

1250 kg egmwAss xU thfdk xU rkkhd Neh rhiyayy 0.2 ms2
KLffjJdld 500 N vdw vjhfFk Gwgarfnfjunf ,affggLfiwd.
thfdjjd jparNtfk 30 msivdy thfdjjd ,aejuk ntsiggLjJk
jwadf f=FALT.

JhT:

thfdjjd ,aejuk vjhfFk twirfnfjuhf Ntiy nrad thfdjij xU
KLffjJdld ,aff NtzLk vdNt thfdjjd ,aejuk ntsigglLjJIk
Jwd.

= (vjhfFk tpi r + ( raw xKFFK) (Jra rNtfk)
P= FtOt V (Fre5|stive + F)V
P= Ftot V (F +ma)Vv

resistive

= (500 + (1250 x0.2)) (30) = 22.5 kW
NkhjyFs (Collisions):

Nkhjy vdgd ekikr Rww mttgNghd el Ingwf$ba xU nghdthd efoT
MFk. cjhu=zkhf Nfuk gyyahl > Nfhyi/FF=zL Nghdw tisahlLfs
,U nghulfsSthilNa Nkhjyfshdd njhLjYld myyJd njhLjyidw
Vwg lyhk.

miadjJ Nkhjy nrayKiwfs)Yk NehfNFhlL cejk khwhd. ,U nghUlfs

NkhjYwwhy mtwwwfii INa nraygLk rkkhd fzjjhfF tirfs Dtvdw
Nkhj YWk Neujj‘py mtwd cejqgfsy khwwjij VwgLjJIfwd. mjhtJd

Kjy nghUs Frpvdw tiria ,uzlhtd nghUsid kJ nrYjJdfwd.
mN jNghy plldpd %dwhk tjiggb ,uzlhtd nghUshdjy Kjy

nghUsid kJ levdw Tiria nrYijp , 1t Kjy kwwk ,u=zlhtJd

nghUlfsid cejjjiy KiwNa DPlkWWk DPszW khwwj i §J VwgLjIfwJ.
JwNghd ,jd D_]h!.thlS Ffoff=z1thW vOjyhk.

Dp,=FDt
DupZ_Eth
rkdghL uzn IAk $II .
DP: + DP;=F1; Dt + F2:Dt = (F12+F21)Dt
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eAlldd %dwhk tjiggb Fu=-Fau
DP:+DP,=0
D(l|51+t|52)_0
, UGWKK At- My thf> kak vyly At — 0vdf nfhss ehk ngwtJd

I|th®0D(pl+p2) d(p1+p2) 0

Dt dt
NkwfF=1 rkdghL nkhjj NehfNFfhIL cejk xU khwh msT vdgijf
Fwffwd.

FwgG: cejk xU ntflh msthFk. vdNt Nkhjyid Nghd jdijjdi
nghulfsid cejjijf th= ntflh $Ljy gdgwwggl Nt=Lk.

Nkhjyfsid tiffs;

vej xU Nkhjy nrayKiwaYk nkhjj NehfNFhIL cejKk> nkhjj
MwwYk wvgNghJdk khwhd. mNjrkak nkhjj ,aff MwwyhdJd vgNghJdk
khwhky ,Uffj Njitayiy. njhlff ,aff Mwwyd xU gFji NtW
tifahd Mwwyhf khwwk s I fwd. Vnddwhy Nkhjyfs kwWk Nkhjyfshy
VwgLk cUfFiyT Mfatwwd jhffk nghdthf ntggk XxXyp Xs|
Nghdwtwiw cUthfFfwd. ,ej tiasTfis f=zfhy nfth=zL Nkhjyfis
ehk foff=l1thw tinfgglLjjyhkl.

a. klr Nkhjy
b. klnaww Nkhjy

kil Nkhjy (Elastic Collision):

xU Nkhjyiy nghUlfsd njhlff nkhjj ,aff MwwyhdJd (NkhjYTF
Kd) nghUlfsd ,Wji nkhjj ,aff MwYFF (NkhjYFfFg gd) rkkhf
,Uegjhy mJd klIrNkhjy vdggLk. mjhtJ

NkhjYFF Kd nkhjj ,aff Mwwy = NkhjYFFg gd nkhjj ,aff
Mwwy

kilnaww Nkhjy, (Inelastic collision):
xU Nkhjyy nghUlfsd njhlfF nkhjj ,aff Mwwyhdd (NkhjYTFF
Kd) nghUlfsd ,Wji nkhjj ,aff MwYFF (NkhjYTfFg gd) rkkhf
yyiynadyy mJ klrnaww Nkhjy vdggLk. mjhtJd
NkhjYFfF Kd nkhyj ,aff Mwwy INkhjYFfFg gd nkhjj ,aff
Mwwy

Nkhj YfF Kd NkhjYfFg gd

nkhyj ,aff Mwwy - nkhjj ,aff Mwwy

= (Nkhjyid Nghd Mwwy ,0gG) =AQ

;,aff Mwwy khWwk vdiDk nkhjj Mwwy khwhd. vndwhy nkhjj
MwwyhdJd , IfF Mwwyid rkdghL kwWk Nkhjyyid Nghd Vwgll midjJd

,006FiIsAk cssliffia rkdghL (AQ) MfAatwiwfF nfh=zlLssJd.
Nkhjyid Nghd ,aff Mwwyyy VwgLk ,09G xyp ntggk Nghdw NEW
tifahd Mwwyhf khwwks Ifwd vdgij mwaTk NkYk NkhgYWk ,U
nghUstSk NkhjYfFg gd xdwld xdW xIbfnfhzlhy mttif
Nkhjyfs KO klriawwNkhjy myyJd klnaww Nkhjy  vdgglLk.
mttifahd Nkhjiy mbffb fh=zyhk. cjhuzkhP<ukhd> xU Fsk=
cUzil (imyyJd ggsftk) xU ,aqgFk thfdjjd kI vwaggllhy> mJ
,aqFk thfdjJdld xIbf nfhsfwd kwWwk mit rk jarNtefjJld
,agFfdwd.
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xU ghkh=z kiln Nkhjyfs;

m: kwwWk m; ejiwAss ,U klng nghUsfs fhlbAssthW xU cuhatww

finljjsg gquggy NehfNFhlby (Neh x - mrnd jJiirayy) ,aqFtjhff
JT.

fUJT

kiln kwwk klriaww Nkhjyfis xgglLjy:

tv=z

klln Nkhjy,

klnaw cejk khwhJ

1.

nkhjj cejk khwhJ

nkhjj cejk khwhJd

2.

nkhjj ,aff Mwwy KhwhJ

nkhjj ,aff Mwwy KWWK

3.

nghihGala t€girfs Mwwy
khwwh ©iarfs

nghihGala t©irfs Mwwy
khwWk tarfs

4.

,aeju Mwwy riajtirlahd

,aeju Mwwyhdd  ntggk
XSp XY Nghdw i taht
ntsjggL fwd.

eiw njhlff

JIarNtfk Jin

-WJ
rNtfk

e w mg

Ui

V1

e w m;

uz

V2

Nkhjy efo eiw m;

egiw mx 1 wl

NtFkhf ,agFtjhff FUJIT.

mjhtd ui> wklrn NkhjYFF ,U nghUsfsid nkhjj NehfNFhIL cejk

kwWk

msthf ,UFF Nt=Lk

,aff Mwwyfs NkhjYTF KdGk NkhjYfFg gdGk khwhky XxNu

eiw mi,d
cejk

eiw mz,d
cejk

nkhjj NehfNFhIL
cejk

NKhj YTF Kd

Pi1 = miup Pi2

Pi = Pii + Piz
Pi = miu; + mau;

= maU2

Nkhj YTF gd

Pt = mivy Pr

Pt =Ps + P
Pf = myvi + mav2

= MaV2

NehfNFhIL cej

NkhjYFfFg gd nkhjj cejk (Py)
mauz + maUz = mMivi + maVv2

myyJ

m1(ui —vi) =mz (V2 — Uz)

NKYk

khwh tjiaty ,Ued NkhjYFF Kd nkhjj cejk (P) =

eiw mi,d
,aff Mwwy,

nknjj ,aff
Mwwy,

NKhjYTFE Kd

1
KEil = Emlul2

KEi = KEi1 + KEi2

KE, = %mlul2 +%m2u22

NkhjYTFg gd

KEf = KEf1 + KEf

1 1
KE, = Emlvl2 +Em2v22

KIr Nkhj YFF
NkhjYFF Kd nkhjj

Kes

,aff Mwwy KEi= NkhjY¥fFg gd nkhjj

>,aff Mwwy
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RUFFa gwF khwwai kff m(u -v>)=m, (v -ul)
NkwF=1 rkdghlal a2-b2=(a+Db) (a-b)
vdw thagghl i lg gadgLjj) k=zLk vOj

m1(Ui+vi) (U1-vi) = my (V2+uz) (V2 — U2)

rkdghL tFff fim lggJd
ml(ul + Vl) (Ul ~ Vl) - m, (Vz + uz) (Vz - uz)
rnl(ul - Vl) m, (Vz - uz)

up+vi=vy+ Uz
Khwwia i KFF

Uur—-u=v2—-Vz

rkdghl , TthW vOjyhk.
Ui — Uz = -(V1—V2)

,Jd nghUshdJd vej xU Neub klr NkhyyiYk NkhyYFfFggd ,U kilrng
nghUsfsd xgGak Ntfk NkhjYFfF Kd ,Uej mNj vz Kjigiugf
nfhzLk Mdhy vjhjperayYk ,UfFk vdgjhFk. NkYk ,ej KbT
emymnar rhhejjyy vdgij mwaTk.
Nkwf=1 rkdghlbyUed vikwWk v:kjigGFist th=

Vi =V2+ U2— Uz

myyJ

V2 =U1 +Vi—U2
,WjiI JinrNefgfs vikwwk v f=zlwjy:
rkdghL gujialLtyd %yk m: ,d JimrNtfkhdJd

M1(U1 — V1) = ma(Us + V1 — Uz — U2)

My (U1— V1) = m2 (Ur +v1 — 2U2)

MU — M1V = MaU1 + MaVi — 2maUsz
Miu1 — MaUs + 2mMaUz2 = MV + Myvs
(M1 — m2)us + 2mauz = (M1 + M)V
myyJ v, :aé M= 2, +§ oM, u,
em1+m2ﬂ em1+m2ﬂ
»J NghdNw rkdghL gupaul myyJd rkdghL gujaul
JiarNtfkhdJd

g 2m, 0 &m,-m 0
v2=¢ Uy o,
em1+m2ﬂ eM —-m, g

nghUsfs xNu gawiaf nfh=zbUejhy mjhtd mi=m;

&2m, 0
rkdghL v, = (O)uy, +92m2 MR

e 2 0
V1= U2

&2m, 0
rkdghL bv, = g%wl +(0)u,

e 10
V2 =W
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rkdghLfs kwWk njhtiggd vddntdy xU ghkhz kil Nkhjyyy rk
eiwAss ,U nghUsfs Nkhjifnfh=zlhy NkhjYFfFg gd mtwwd
JiarNtfgfs ghkhwf nfhssgglLfidwd.

nghUsfs xNu egiawiaf nfh=zbUejhy> mjhtd mi=m; kwwWwk ,u=zlhtJd
nghUs (toffkhf ,yfF vd mioffggLtd) xaT eiyay css Nghd

(u2=0)
mz: = makwWk (u2 =0) vdw kjigéfis rkdghLfs ,y gujal

rkdghL Pv, =0
rkdghL Pv, =y,
rkdghL kwWk njhtiggd vddntdy Kjy nghUs NkhjYTFg gd xaT

e iyfF  tUkNghJ ,uzlhtd nghUs Kjy nghUsid njhlff
JiarNefj gy ,agFfwd.

Kjy nghUshdJd ,uz1htJd nghUsid eiwia tl Fawthf

,Uej hy>§ml << mz,ﬂ << 12 gwF thjk ﬂ»0 kwWk ,yfF xaT eryay
] m, [/ m,

cssNghd (u2=0)rkdghL ,d njhFji kwWk gFjima m:-My tFff
g m 3 0

G———l

¢ 2 -
v, =¢ TU1+Q _(0)
i gm
mz [/ mz [/
_20-1¢6
= U
80+1

=u1
»J NghdNw>
rkdghL njhFji kwWk gFjiia m; - MytFff

m,
1_70
m, :

LR
=¢—>2-+ Q
§21ﬂ§

g, Mm

¢

Vv, =(O)u, +¢
§*1”3

m, [/}

eiw Fiwthf css Kjy nghUshdd mNj njhlfF JiarNefjJdild
vijhjginray JUKkGFwI (k=znlOfwJd) vdgijr rkdghL css vjhfFw
Fwffwd. mjif eiwAss ,uzlhtd nghUshdJ NkhjYFfFg gwFk xaT
elnyaNyNa nyhlheJd , UFfwJ vdgiajr rkdghL FwffwJ.
vLjIJdffhllh ged xdW enmyahd Rthd kJ wvwaggllhy gejhdJd
vwaggll mNj JiarNTFjjiNyNa vjhjjiiray Rthy ,Ued jJiUkg tUk.

0

NehT 4 ,uzlhtd nghUshdd Kjy nghUistgl eiw Frwthf
cssNghD
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gmz << ml,ﬂ«lg gwF tfjk &»O

e m /] m,
kwwWwk ,yfF xaT egiyay cssNghd (uz =0) rkdghL ,d njhFji kwWk
gFjima mi- My tFff

»J NghdNw>
njhF§ kwwk gFjima m:- My tFffF

& 0 @ 7_1
¢ 2 = +91+ 0
=0 U +614+ = —+(0)

ThemtE

V_ano
§1+07 °

U,
Vo2 = 2u1

fdkhf css Kjy nghUshdd NkhjYTfFg gwF mNj parNtfjJdlid
nghlhed ,aqgFfwJ vdgijr rkdghL FwffwJd. eiw Fiwthf css
,UzZIhtJd nghUs Kjy nghUsid njhlff JiarNtfjiajg Nghy ,U klIgF
JiarNefjJdild ,aqFfwJd vdgijr rkdghL FwffwJd. esw Frwthf
css nghUs NkhjYWk GssialyiUed Ntfkhfr nryfwd.

vLjIFFhIL:

10 m sINEFj Iy ,aqFk xU emw Friwthd nghUs mjd emwiag
NghdW ,U klgF kwWk mjd Ntfjjry ghpiasT nfh=l1 mNj jiaray
,aqFk kwnwhU nghUsid kJ NkhdfiwJd. Nkhjyhdd xU ghkh=z Kklr
Nkhjy vdf fUJIF NkhjYFfFg gwF ,U nghUsfsd Ntfk vdd?

JhT:

Kjy nghUsid eiw m vd® kwwWk mjd njhlfF jiarNtfk u; = 10 ms,
vdNt ,uzIhtd nghUsd eiw 2m kwWk mjd nghlfF jjarNtfk
1 1 }
U, =5, :E(loms D)

rkdghLfs kwWk ,U nghUsfsid ,Wj jisnrNefgfast f=Thlyhk
&gm-m,0 & 2m, 0

Vl_(} u1+(; +U,
gmtm, g Emtm,g
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_&m-2m¢

L& m+2mj

Vl :al910+&£95: _10+20:E
39 3 3 3
vi1 = 3.33 ms!
:g 2m, 9 l+gm2 —mlguz
em1+m2ﬂ em1+m2ﬂ

vV,

& 2m 01042 2m —mgs

2 Em+2my §m+2my
V2:$2910+&395:20+5:§

€35 &35 3 3
v2 =8.33 ms?!

V

vi kwk v, Mfla ,U NtefqfSk NehfFwahf cssjhy mit ,uzLk KiwNa

333 m st kwwWk 833 ms! vdw perNtfqfSld NkhjYTFF Kd ,aqfia
JiiraNyNa ,agFfidwd.

KO kilnaww Nkhjy (Perfect Inelastic Collision):

KO klrnaww Nkhjyly nghUsfs NkhjYFfFggwF xU nghdthd jiarNEfjjy
,aqFk tifay xdWld xdW euejukhf xIbfnfhsfidwd. mikwWk moeiw

nfh=z1l xU nghUsfs NkhjYTF Kd KiwNa ukwWk uvdw nghlff
JiarNefgfsid ,aqgFgjhff nthst. KO klnaww NkhjYTFg gwF nghUlfs

v vdw nghdthd jiarNtfjJld xdwhf ,agFfidwd.
Nkhjyid Nghd NehfNFThIL cejk khwwgglhky cssjhy
M1 U1+ Mz Uz = (Mg + my) v

Nkhj YFF Kd Nkhj YFFg gd

JiarNefk NehfNFhl

nghUs njhIFfk Wi njhIFrk

e w mg Uy \Y miu

eiw my uz Y mau2

nkhj gk myu; + MaU;

nghdthf jiarNtfjaj foff=z1thw f=FRlyhk

v =Tl ¥ MeU,

(m, +m,)
vLjIFFhiIL:
50 g eiwAss xU Jgghftfi F=zL 450 g eiwAss xU njhgfulggll
nghUsid mbggFjiazyiUeJd RlggLfwJd. Jgghffi F=zL nghUsiDs nghjieJd
nghUshdd 18 m caujjwF NkyNehffir nryfwd. Jgghftfi F=bd
NEFjajf f=FLT
g =10 ms2vdf nfhst.
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JhT:
m1 =50 g = 0.05 kg; mz =450 g = 0.45 kg

Jgghtfi F=zbd Ntfk uiMFk. ,u=zlhtJd nghUs XaT eiyay cssJd (U=
0) Jgghffi F=zL nghUsiDs nghjiej gwF Jgghffi F=L kwWk nghUs
Mfiatwwd nghdthd jiarNtfk v vdf.

— My, +m,u,
(m,+m,)
_ 0.05u, +(0.45” 0) _0.05
= = u,
(0.05+0.45)  0.50

nghdthd jJarNtfkhdd Jgghftfi F=zL kwWk nghUs Mfia xUqgfii=zej
mikggd NkyNehfhia nrgFjJ ,affjgwfhd njhlff jJiarNtfk MFk.
,uzlhtd ,affr rkdghlbyUeJd

2gh

VvV =
v=.2710"1.8=/36
VvV =6 mst
,Jid NkwF=1 rkdghlby gujiarlL U: kjigiggngw

005 050,
. m U =—-"6=10"6
050 yyJ u 0.05

u, =60ms™
KO kiInaww Nkhjyiy VwgLk ,aff Mwwy ,ogdG.

KO klnaww Nkhjyid Nghd ,aff Mwwyid ,ogghdJ xyp ntggk> xs| Nghdw
NEW tifahd Mwwyhf khwwggLfwd. NkhjYFF Kd nkhjj ,aff Mwwy

KEikwWk NkhjYfFggd nkhjj ,aff Mwwy EKwvdf nfhst

KE, :%mlul2 +%m2u22
NkhjYfFg gd nkhjj ,aff Mwwy
KE, =2 (m, +m,)v’

vdNt ,aff Mwwyyy VwgLk ,ogG
AQ = KEi - KE¢

= %mlulz +%m2U22 _%(ml + mz)V2

rkdghL rkdghL ,y gujialL (a+b)2=2a2+ b2+ 2abvdw ,awfF=|j rkdghlilg
gadgLjjp RUFF ehk ngWtJ.

klnas)gc F=ZTk (e)(Coefficient of restitution):

U ,uggh ged kwWk xU gsh]bf ged ,uzilAk xNu Jsjjiy
tornratjhftf nfhsNthk. ,uggh gejhdd gsh]bf geljtpl mjf caujjwF
NknyOkGk. Vnddwhy xU klrg g=zGss uggh gejwF ,aff Mwwyid ,o0gG
gsh]bf geyjwF ,aff Mwwyid ,ogG gsh] bt gej) wfhd ,ogigul kf
FrwthFk. nghdtht NkhjYFfFg gwF ,U nghUsfsid ,aff Mwwy kjigged
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klnasigG F=Tk (Coefficient of Restitution - COR) vdggLk xU ghkhzkww vz=
%ykhf msejwayhk.

NkhjYTfFg gd css tiyFk jimrNtfjjwFk (rhhGj JiarNtfk) NkhjYFF Kd
css neUqFk jJiarNtfjjwFk (rhhGy  piearNtEfk) ,1INa css tfjk
klnasig¢ F=zfk vd tiuvawffggLfiwd.
mjhtJ
_ byFk jiarNtfk (NkhjYTFg gd)
neUqFk giarNtfk (NkhjYTF gd)
S (v, -v)
(Ul_uz)

kin Nkhjyiyy tiyFk jJiarNtfkhdJd neUgFk jgarNtEfjjwF rkk vd
fin 1 ¥Ffg ngwhNwhk.

mjhtJd

(VZ_Vl)
u -u,)=(v,-v,)) ®———==<-=1=¢
(=) =0, - ) @
kiIn NkhjYFfF klnasgé6 F=zfk e=1 vdgij ,J Fwffwd. ,ayghP
NkhjYFFg gwF ,aff Mwwyly ,09G VJkiyiy vdgNj ,jd nghUshFk.
vdNt nghUshdd mNj ,aff MwwYld NknyOkGfwJd. ,J toffkhf
KO kIrp vd mioffggLfwd. vttty cz=zikahd Nkhjy efoTfsiYk

Nkhjyidhy ,aff Mwwyyy Vjhtd ,o09G VwgLk. ,jd nghUs e ,d
kjigG vgnghOJk 1 - 1 twlf Fiwthf ,UfFk KOirkahd gsh]bf
gejht ,Uejhy mJ k=zLk NknyOkghd. Miaftahy NkhjYTFg gwF

mtwd tiyFk jJiarNtfk RoahFk. vdNt klrnasigéc F=zTjjd kjigGc e
=0.
nghJdtht xU nghUsid klnasigé F=zTk 0<e<lvd ,UfFk.

vLjIFFhIL:

XU klrnnaww Nkhjyiry xU nghUs eiyahf cssNghd rkeawfs nfth=l
1

nghUsfsd jJiarNtfgfsd tfjk *= ;evdf fhiLT.

JhT:

_ byFk jiarNtfk (NkhjYTFg gd)
" neUqFK jiirNtfk (\khjYFF gd)
- = (Vz _Vl) - (Vz _Vl) - (Vz _Vl)
(Ul - uz) (Ul - 0) U
Pv, -v, =ey,
NehfNFfhIL cejk khwh tijjaryiUed
muir=mvi+mvz2pb ur=vi+\Vz
rkdghL (2) ,y css ui,d kjigig rkdghL (1) ,y gujial
V2 — V1 = e(Vit+Vo)
,jidr RUFF
v, _1-e
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12th , awgay,
myF -1
e)i ykiddjay.

mwKFk:

kdfhejttasyy vdgd ,awgayd kFf Kfhakhd ghTfs)yy xdwhFk. 21 Mk
Elwwh=zbd njhoyElg tshrrnfs gyTk kdfhejtianyg gwa ekd Ghjyidhy
Vwgll i thNa.

mdwhl thotyy ehk TthZk tHirfSsx<hgg tiriaj jtu gw midjJd
tirfSk kdfhejy ,ayG nfh=zli1tNa.

<hgG i ,Otiar cuhaT wir nrgFjJJd tir cssil girfisg gw
mit xtnthdiwAk jdijj ,ayGila tirahfTk xdiwnahdW rhhejit
myy vdWk eAlld fUjidhh. mggbnady ,ttirfsd Njhww %yk jhd
vdd? jwNghi ja Ghjygb> ek mdwhl thotlyy ehk vjhnfhsSk tiirfSs <hgG
tiriaj jJtu gw ©wiarfs midjJk (fFkgad ,Otiir guggd nrgFjJd tir
cuhaT bir cssillit) mZffSTF , 1INa NJjhdWk kidfhejy tharfs. ny
vLjIffhlLfs fNo juggllLssJd.

1. nghUnshdW  jssgglLk NghJ> ek i ffgy Ccss mZffsSid
mgnghUs)Yss mZffs ,i1ltid (interact) Ghfidwd. ,ej ,iltid
tirahdJd kdfhej ,ayigNa ngwwWssJ.

Gtigguggd kJ ehkl ewFkNghd> ek kJ GtiahgG thar FoNehffa jJiur
nraygLfwd. juauvaxd nrgFjJJ tir NkyNehffla jJiaray nrayglL m
rkd nrafiwd ,ej nrqFjJ tirad Njhww %yk vdd?

Gtigguggd NkYss mZFFSTFk ek ghjgqfsiYss mZFffSTtFk , 1lNa
efOk ,r1luadad fThuzkhfNt ,thir cUthfiwd c=zikayx<hgG
tiradhy ehk <uffggLk emyay mZfFfSTF , 1INa cUthFk kdfhej
tiradhy jhd Goiayd Nky ekkhy ewf Kbfwd.

ay
1]

gugG xdwd kJ xU nghUisj JsSkNghd> mJd efu KwgLtij xaTeny
cuhaT JLFfFk ,ejJ xaT emy cuhathdd gugg¥ss mZTFSTFk
nghusiYss mZFfFSTFk ,1INa VwgLk kidfhej , 11tidahy
cUthfidwd. ,affeiy cuhaTk ,jjifa Njhwwdoyk nfh=INj.

vdNt gugQrjijg gwa KOirkahd CGhjYFfF kdfhejtiaiyg gwwa Ghjy
,dwaikahjd vdw ,ej vLjIFFfhlLfs %yk njsithfidwd. kdfhejtiayd
mbggilj jJjjJdtgfis ,awgayd Kjy njhFplaay mwed nfhssyhk.
giyahf css kdJfsfsd jdik gwwAk mJ njghlhghd efoTfs gwwAk
,eJ myfy $wgglLssI. egiyahf css kdJIfsfisg gw mwa cjTk
kiddiayid ,ejg ghT ey kiddiay vdgglLk.

tuyhwW gdGyk - kdD}IIgfs:

mufF (amber) vdggLk xU tifg nghUis (,J xsifrrAk jdikAila
Gujggbkkhf khwa xU tif kuggriNd) ttygF cNuhkk myyJd fkgs) nfh=L
Njaeghy mJd rw ,iyfisAk JinidAk Tthtij Rkhh ,u=zlhauk
MzLFSFfF KddNu gzila fiNufFfhfs fzlssdh ,jjifa g=igg
ngwwss mufF 'kdD}I1k ngwWssJd' vdyhk. nghl¥fjj)y mufF KILNk ,ej
rnvggayG cssjhf fUjgglld. Mdhy> gddhsyy glLjJd=zjahy Njaffggll
fz=zhbj jzlLk fThHjj JI=zLFisFt Ffehtd fT=lwagglld. vdNt jFej
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nghUist nfh=zL NjaffggLk f=z=hbj j=zLk $1 'kdD}lk ngWk' jdik
nfh=zLssJ.

,ONghd kdDHIk ngw f=z=hbj j=zL xdiw ,uggh Jj=zbd mUfiy nfh=L
nryYk Nghd> mit xdiwnahdW fFtUfidwd. mNj rkak kdD}I1k ngww
f=z=zhbj J=zbid kdD}IIk ngww ,dndhU fz=hbj j=zbd mUfiy nfh=zL
nrdwhy mit xdiwnahdW tiyfFtijf fh=zyhk

,€j FhinawmTFfs)d (Observations) %yk gdtUk KbTFisf $wyhk

1. ,uggh jJ=zL ngww kdD}Ilk f=z=zhbjy jJ=zL ngww kdD}I1]jjiyiUed
NEWgl1J.

kdD}Ilk ngww ,uggh j=zL kdD}Ilk ngww ,dndhU ,uggh j=zbid
vyfFfwd. ,jiyiled Xhd kdD}HlIgfs xdiwnahdW tyfFfidwd
vdyhk. kdDHIk ngw Ff=z=hbj j=zil kdD}lIk ngww ,dndhU
f=z=zhbj J=zL tyfFk nrayghlbyjUedk ,Nj Kbrt vilyhk

kidD}IIk ngww ,uggh J=zul kdD}lIlk ngww f=z=hbj j=zL ftUfdwd.
,Jiylled FT=z=hbj jJ=zb¥Yss kdD}IIIKK ,ugghYss kdD}HIIKK XxNu
tifayy vdgd Ntwd kdD}llgfs xdrwnahdW ftUfidwd vdgJd njha
tUuhdwd.

gugQrjjJiy ,U tif kdD}IIgfNs cssd. xU tifia Neh kdDHIk (+)
vdTk ,dndhU tifia vjh kdD}H Ik (-) vdTk ngQrkd guhgfsid vdgth
18-k EMwwh=zby tiafgglLjjidhh. ,kkugggb> kdD}lIIk ngww ,uggh kwWk
mufFj j=zLfs vjh kdD}Ilk ngwit vdWk kdD}lIlIk ngw Ff==hbj
Jj=zL Neh kdD}Ik ngwJd vdWk vLjJIfnfhssggLfidwd. xU nghUs|Yss
efu (net) kkdD} 1k Ronady» mgnghUs kid elLeiyay cssJ vdyhk.

19k Ejwwh=zbd ,WjiaszYk 20 k Ewwh=zbd njhlffjjiYk jk Muharnfis
Nkwnth=l1 NLN[. jhkrd> V.&jhNghhL Nghdw mwttay mwQhfsid KdNdhb
MaTfsid %yk mZthdd kd eLeny nth=1J vdW mwaggllJ. NkYk
mZthdd vjh kdD}llk nfh=zl vyflundfs> Neh kdD}Ilk nfh=l
GNuhllhdfs kwWk kd eLeiyik nfth=l eAluhdfs MHAatwhy MdJ
vdWk ehk mwfiNwhk. nghdth® midjJdg nghUstfSk mZffshy Mdit
vdgjhy mitAk kd eLeiyik nfhzli1tNa. xU nghUis kwnwhU nghuSid
NjafFkNghd (vLjJffhilhP  ,uggiu glLjJd=jahy NjaFfFkNghd) vjih
kdJdfsfs nytwiw mgnghUs ,offidwd myyJd ngWwfidwd. , jdhy jhd
mgnghUs kdD}l1k ngwjhfidwd. ,kKiway> mjhtd cuhattd %yk
nghUsfis kdNdwwk (Charging) nraAk Kaw ‘cuhaT kidNdwwk®' vdggLKk.

kdD}1jjid mbggilg g=Gfs;
kdD}I1 1k

gugQrjjiYyss nghUsfs midjJk mZffshy Mdit mZffs GNuhllhdfs»
gAlundfs kwWk vyFfluhdfshy Mdit. ,it midjINKk eiw vDk
csshhej (inherent) g=zig cilait ,NjNghyy kdDHIk vdgJdk kwnwhU
csshhej mbggilg g=zghFk. 19Mk kwwWk 20 Mk Ewwh=zLfs)y
Nkwnthssggll gyNtw MaTfsd %yk kdJdfsid ,ayigg gwwa Ghjy

Vwgl1J. kdD} Ljjid SI myF $Y}k (C) MFk.

xU nghUs ,dndhdwhy NjaffggLkNghd xdwyUed kwnwhdwwF kidJfsts
, 1k ngahfidwd vd ngQrkid guhqfsid thjillhh. NjaffggLk Kd nghUsfTs
kd eLeiyay cssd. NjaffggLk Nghd xdwyuUed kwnwhU xU nghUs
,dndhdwhy NjaffggLkNghd xdwylUed kwnwhdwwF kdJfsfs LIk
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ngahfidwd vd ngQrkd guhgfsid thjllhh. NjaffggLk Kd nghUsfs kd
eLeayay c<cssd. Njaffggbk Nghd xdwylUed kwnwhU nghUSTF
kidJdfsfs , Ikl ngahfhidwd. (vLjIFFhllh® f=z=hb j=zbrd glLj J=zjahy
NjafFkNghd>  vjhkdD}IIIk ngw kdJdfsfs fz=zz=hbj J=zbylUed
glLjI=fF , Ik ngahfidwd. ,jdhy Ff=z=hbj j=zL efu Neh
kdD}I1jiJAk ngwhfidwd). ,jjifa fThlnawTfsyUed ‘kdD}llIgfis
MFFfNth moffNth ,ayhd” vdWwk mtwiw xU nghUsiyiUed kwnwhU
nghUSTF , Ikhwwk nraa kILNk ,aYk' vdWk mth $wdhh. , § jNa nkhjj
kdD}I1 khwhj jdik vdgh glLjd=/fF , 1k ngahfidwd. , jdhy f==hbj
J=zL efu Neh kidDHI1jujAk glLJJd=) efu vjih kdD}i1j 1 JAk ngWwhidwd).
,jjifa fThlnawTfsylUed ‘kdD}ilIgfis MTfNth moffNth ,ayhd’
vdWk ‘mtwiw xU nghUsiyiUed kwnwhU nghUSTF , Ikhwwk nraa kILNk
,aYk' vdWk mth $wdhh. , i jNa nkhjj kdD}I1 khwhj jdik vdgh.

,J ,awgayy mwaggLk khwhy jJdik tjfSs (Conservation laws)
mbgg i lahd xdwhFk. ,tjiia nghdggilahfg gdtUkhWw  $wyhk.
gugQrjjiYss nkhjj kdD}IIk khwhky ,UfFk. kdD}Iljij MTFINth
moFfNth ,ayhd. vejnthU ,awsf efottYk nkhjj kdDHI1 khwwk
RoahfNt ,UfFFk.

kdD}I1jjid Fth=zlkhffy (Quantization)

,awifay HrlffgngWk nWwk kdD}HI1 kjigG vettsT? vyfluhdid kdD}lI
kjiogG -e vdTk GNuhllhdd kdD}l1 kjiogG +e vdTk MaTfs
nysiTggLjJdfidwd. ,gF e vdgJdjhd kdD}1jjid mbggil KjigG. vejnthU
n%#)gﬁ/ css kdD}HIjjd Kjigek ,ej mbggil kjoggd KO kIgfhfNt

g=ne
,gF n vdgd xU KOnt=z (0, %1, 2, #3, #4..).,INt kdD}11jjd
Fth=zlkhffy vdggLk. e ,d kjigG 1.6 x 101°C vdgij Gfongww Matid %yk
,uhghl kiyyrfd f=zlwejhh. vyfluhdid kdD}I1 kjigG = 1.6 x 10°® C kwWk
GNuhlIhdid kdD}11 kjigG =+ 1.6 x 10-1° C.

f=z=zhbj J=znlhdW glLjJ=jahy NjaffggLkNghd , 1k ngaUk kidJdfsfsd
vzzifit (n) kfgnghajht ,UFfFk (nghdthf 109). vdN®t emlKiway ehk
thZk nghUITSTF kdD}l1jjid Fth= Ikhffy Fwoggljjff ggF
thggjyiy. MdNE kdDilljajgy (ghTeiayaww nghlh KjigGalajhff
fUjyhk. Mdhy (FzZfFg Gydhfhj) Ez=Zz=zja eiyay kdD}iI1jjd
Fth=zlkhffy Kffila gqif thffwd.

xU $Y}k kdD} kjgGila vjih kkdJfs)Yss vyfluhdfsid vzziFifiaf
f=zffLT

JhT:
kdD}1jjid Feh=zlkhffy (g=zgd) g
g=ne
,gF q=1C.vdN , JiYss vyfTluihdfsd vzzfiPH

ntwwl ntsjayy (free space) efiyahf css ,U Gss) kdIfsTSTF ,i1lNa
fth=zggLk tiarffhd Nfhitia 1786 Mk M=zby $Y}k vdgth jJubjjhh
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ntewvwl gy r njhaytyy ghj itffgglLss ,U egiyahfTss Gss)
kdJdfsfist TUINthk. mtwwd kdD}HlIgfs KiwNa q kwWwk gMFk.
$YIk tjggh Gss kdIfsq: td kI Gss) kdJfs g nraygLjJk
YirahdJd gdtUkhW vOjggLfwd.

ur
lezkﬁﬁn
r

,gF rvdgd qi,yiUed g1t Nehffi tiuvaggbk XuyF ntflh kwwWk k vdgJd
JTT khwy

$Ylk gjjad Kffa ,ayGfs:

eiykd tirahdd Gss) kdJdfsfsd kdD}HII Kkjiggd ngUFfwgyDTF
Nehj gFooYk metwwwF ,1INa css njhiytd ,UkbfF vjhjjfoYk
> UTFk.

gekidIfsd kI qikdJdfs nrYjJdk t©ir mtwiw , 1zFfFk Nfhlbd
jiiraNyNa ,UfFk ,jiy P, vdw XuyF ntflihdd kdJfs quylUed gt
Nehffia jiiraylUfFk mNjNghyqi,d kJ qnrYjJk tir —$12jpirapyprFk
(mjhtd d $12jpirfF Vjhj jiaray)

SI myF Kiwayk = %kak k d Kkjgc6 9 x 10° N m?2 C2vdWk
Pe,

fzlwagglLssd. ,qgF ¢,vdgd ntwwljjid tLjwd (Permittivity of free space)

vdggLk. myd kjigG

xU $Y}k kdDHI kjigé nfFh=zl1 xU kilh ,ilntsay itffgglLss ,U
kdJfsftSTF , 1lNa nraygLk tiirad kjigigg gdtUkhwW f=fhlyhk.

U, 9710°" 1"

‘F‘:Lzllzg'lom

1

»J kfgngha tirahFk. Hlljjll xU kyyad Id eiw nfh=l nghUsd
vilTFr rkkhFk. eilKiway 1 $Y}k msT kdD}lIk nfhizl kdJfsfis
ehk vjhnfthstNj ,yiy. ek mdwhl thotyy efOk ngUkghyhd kidefoTfs)y
pC (ikfNuh $Y}k) kwWk nC (NehNdh $Ylk) mstyhd kdDillgfs nfh=l
kidJdfsfNs , Ik ngWwhdwd.

SI myF Kiwayy> ntwwljjwfhd $YIk tjiand tbtk En:%ql—?zh YLjwd
pe, r

0

ekjogGila NtnwhU CIfjjiy i1tffgglLss Gss) kdJIfsfSTF L, ilNa

nraygLk ©ir E21:Lq1?2$
dpe r

Mdhy ée>e vdN® ntwwljjiy css Gss) kdIfsTSTF ,1layhd tiria

tul gw Clfgfsyy nraygLk tiir Fiwthf ,UfFk NkYk xU CIfjjid rhhG

tLjwed (Relative permittivity) enhk gdtUkhW truaWffyhk. erzi. ntwwlk
eO

12

kwWk fhwwy e =lkww CIfqfSTF e >1.
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$YIk b egAlldd <hgé tjad mikgigha nfh=zlssJd. ,ttu=zbYk
tirahdd ,iljnjhaytd ,UkbfF vjhjjfty cssthW mikedssd.
eiykd tir G6ss kdJfsfsy css kdDHIgfsd ngUFFYTF
Nehj JFoYk<hgG tir Gss) giwfsid ngUFFYFF Nehj jftYk mikedssd.
Mdhy> , twvwfii INa ny Kffia NeWghLfSk cssd.

LU eiwfFSTF ,i1lNaahd <hgG tir vgNghdk FtUk tirahfNt cssJ.
$Ylk tirNabh kdJfsfsid ,ayig nghUjJd FtUk tirahfNth tyfF
tirahfNth , UFfdwd.

<hggiay khwyrasd kjigé G = 6.626 x 1011 Nm2kgZMdhy> $YIk tjlay cCcss
khwyiand kjigé k=9 x 10° N m2C2 kd kjgG G 1 t©l kfTk mjfkhjyhy
egiw Fiwthd nghUsTfSTF <hgG thiriaf fhlbYk eiykd tirad Kkjigc
kifTk mjFkhfNt ,UFFk.

LU eiwfSTF ,i1lay css <hgéb twir mJd ntffgglbUfFk CIlfjijr
rhhejjyy. vLjIfFfrhlIh® FhwwNyh myyJd ehNybviyy 1tffgglbUejhYk ,U
1 kg emwfFSTHRiINa nrayglLk <hgéG twirad kjgcG khwhd. Mdhy> LU
kdJdfstfSTF ,i1lNa nraygbk eiykd tirNah mit #tffgglLss
CIfjjd jdikia rhhed ,UFfFk.

eawfs eguyahft ,UejhYk ,affjjiyiUejhYk <hgg thar xdwhfNt ,UFFk.
Mdhy> kidJfsfs ,agFkNghNjh $Ylk tirAld Nrhed kwnwhU tErAk
(yhd] tiir) nrayglj JtgFk.

kdJdfs qi1,d kJ kdJdfs gnrYjJk ©ir

,gF Pxavdgd gqotiyUed qil Nehffa JiiraYss XuyF ntfluhFk. Mdhy
vdg gujaul Ihy>$21:— P2

= _ 1 qg __ 1 qgq
F12_4,0€ izz (—$12)——% '{22 ($12)

(myyJd) Fu=Fx
vdhNt ery kd ©ir gAlldd %dwhk tjfFIghlJd.

$Y}k ) Gss kdIfsfsfF kILNk nghUedk. Mdhy» Gss) kdJfs vdgJd
xU FTUjjhfFfk KILNk. enlKiwayy rhjjakyiy. kdJIfstfSTF ,i1lNa
css njhiyit xggLkNghd mtwd cUt msT kfTk rwajhf ,Uejhy
$Y}k tjna ehk gadglLjjyhk. ,dDk nrhyygNghdhy $Ylk jd Nrhjiday
KWFFjjuhR  (Torsion balance) xdwy wmtffggll kdD}Ilk ngw ,U
Nfhsgfisg Gss) kdJdfsfshff fUjNa mth jJk tpiaf f=lwejhh. mej
Maty> Nfhsqgfsid Mugfis tl mtwwwfi INaahd nghiyT kif mjifk.

vLjIFFhIL
gljjiy ,U Gss) kdJdfsfs qkwWk g.eimyahf cssd.

m , ilntsay ghj tffgglLssd. gdtUk NehTFSTF mtwWfF
nraygLk yairsa f=zffLT.

1. gi=+2pC kwWk gz =+3pC
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2. u=+2pCkwWk g2=-3puC
3. g1=+2pC kwWk gz =-3 pC ehyy
(e, =80) EtffggLk NghJd
JhT:
Qu=+2pC,qe=+3pC, r=1m. ,qF ,u=zLNk

Neh kdJfsfs. Mjyhy , twwwF , 1 INa
vyfF ©ir nrayglLk

kdJdfs giMy kdJfs qc=zUk tir

,gF ?,vdgd qiyiUed g.1 Nehffa
JinrayYss XuyF ntflh g1 fF tyJd
offjjly 92 cssjhy

$12 :$VdNt

wr 9710°°2710°7°37107° -

Fu= 72 I
¢ 1
&4pe,
=54 x 103 N ¥

eAlldd %dwik tjggy kdIfs q: My quczUk ©irF, =-F,

VANt Fi =-54"10° N

ool
=9 109(]
u

FukwWk FpMfatwd jiirfs gljjyy (NehT (m) FhllgglLssJ.

Qu=+2C,02=-3pC, r=1m. , 1t Ntwd kdIfsfshjshy ,twwwhHis INa FtUk
gir nraygLk kdJdfs gMy gczUk gir
wr 9710°"(2710°)"(-3710")
F21 =

A

T P
=-54x103Ni (/ ,qF #12=1)

vdN® kdJfs g MdJ q: 1 NehffRa jiiray (mjhtd vjufFFw X
Jiiray) xU ftUk tiiria czUk

gAllldid %dwhk tjiggh kdJfs g My qu c=zUk tiir

uul uur
Flz - _le
uul

mjhtJ F, =54"10°Ni

FukwWk Fr Mfa tirfsd jiir gljjiy (NeuT - M) fillgglLssJ.

(,) »U kdIfstSk eUfFs 1tffggllhy g0 c=zUk tiar

40 | P a g e APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187




uuur
P N
21 12

4pe r?

Mdhy e =e.¢,

Uul
Eio 1 4. _Fy
2 4pee, r* 7 e
vdNt

uuwr “108N R
v =22 0N 8100 Nf= 06757 10°Ni

,U kdJdfstSthilNa ntwljjiy nrayglk tirma tl mit
eUfFs 1@mtffggLk Nghd nraygLk tgir % ggfhff FiwedssijfT

fedffTk. rhjhu= cgig (NaCl) euy ,LkNghd> eud mjif kjigGala rhuG
tLjwdhy (e =80) Na kwWk ClmadifSfF ,ilNa eyTk eiykd tir
Fiwed tLfwd. , jdhy jhd eu xU rwej frugghdhft cssJ.

vLjIFFhlL:

xtnthdWk 1g eiwAila rwa cUtsT nfh=zDb ,U xNu khjuahd
Nfhsgfs rkeiyay cssthW gljjiy fThllgglLssd. Elyid esk 10 cm
kwwk nrqFjJdj jJiirAld E})y cUthfFk Nfh=zk 7° vdy Nfhsk
xtnthdwYk css kdD}HIjijf Ff=FFLT. (g=10ms? vd vLjIfnthsT)

Jut

Nfhsqfs ,uzLk kdD}1 1k mww i taht ,Uejhy mit
nyhqfolggLkNghd mewWfF , §INa cUthFk Nfh=zk 0° Mf ,UfFk Mdhy
mit Neu kidD}l Ik ngww Nfhsqfs Mjyhy metwWifeINa tyfF nrayglb

nrgFjJd jJierfFE 7° Nfh=zjjiy mit rkesyfF tUfidwd. rkeinyay
xtnthU NfhskKk c=zUk efu tir RoahFk. mtwWs VNJDk xU
Nfhsygwfhd jdijj nghUs tiarggljaj ehk tived nrgFjJd kwWk
finlkllj jiarfsy eAlld ,u=zlhk tjimag gadglLjINthk
NeuFFw x— jJiiray Nfhsjjid efu KLFFk Ro.
u 1
gAlldd ,u=zlhk tijiggb (Ftot:ma),

Tsinfi-Fei=0
Tsing =Fe 1)

,qQF T vdgd E}yidhy Nfhsjjid kJ nrYjjggLk ,Otiir kwWk Fe
vdgd ,U NfhsqfSTF , ilayhd eiykd tir.

y-jiirayYk $b Nfhsjjid efu KLFFk Ro. vdNt
Tcosfj-mgj=0

vdN® T cosf = mg.
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rkdghL (1) 1 (2) My tFfb

Fe

mg

,U NFhisqfSk rkkdD} Ik ngwssjhy eiykd tirad vzkjigc

tan & =

1
4pe,
NkYk r=2a=2LSin® rkdghL (3)y gujal
2
q—_2 (4)
mg(2Lsing)
rkdghL (4) 1 khwwaikFF

q= 2Lsinq‘/mg Lanq

-3 - - o
:2’0.1’sin7°’\/10 1,0 ;an?

9710
g=89x%x10°C=8.9nC

2
F :k?—z,qF k=

e

tang=k

vLjIFFhlL:

i bufld mZty css GNuhlIhDfFk vyfluhDfFk , §lINaahd
eiykd tir kwwk <ugé6 tiiriaf f=ffALf mtwwd , aljnghayT 53 x
1011 vyfluhd kwWk CGNuhllhd , itauzbwFk kdD}I1 kjgG 1.6 x 101° C.
vyTluhdid ejgw me=9.1 x 1031 kg kwwWk GNuhl Ihdid ejgw mp =1.6 x 10-%7 kg.

Jut

GNuhl IhDk vyflunhDk xdswnahdW ftUfidwd. ,ttU kdJIfsTSTFk
>, 1INaahd erykd tisrad vz=zkjigG

o ke’ _9710°7 (1.67107)
=y (5.3 1072

97256

~28.09

107 =8.2"10°N

GNuhllhd kwwWk vyfluhDfF , ilNaahd Gtiaugé tirAk ftutiirNa
,ttU JfsTSTFk , 1lINa eyTk <ugé tuirad vz=KkjigG

_Gm,m,

=—

_6.6771079.1710*71.67107
(5.3710™)?

_97.11.

=——-710%=34"10"N
28.09
,toU tirfSTtrFkhd tfj

G
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- 1Nn-8
L —:?j 118_47 =2.41"10%

»10¥F, vdgi jF FrdFfTk.

I:G
Fe

GNuh1IhDfFk vyfluhDfFk , ilINaahd eiykd tirahdd mtwWihisINa
eyTk <hgG tiErmatll gy klIgF kfgnghad vdNte rwa eiw nfh=l
nghUsfs kwWk mZeiay msTfs (Atomic domain) cssill gy #oeinyfsy
eiykd tiarma xggLafay <hgc tiar GwFFzFfjjffNj. ,jdhy jha>
kdD}Ilkww nW fhfijJJd=L xdW Guad <hgG taradhy fTtuggllhYk miuj
ul myf tyinkAld kdD}lIk ngw rgG xdwdhy (mffhfjy J=ul) ftu
KbfiwJ.

NkwnghUeJdjy jjJtk

,U Gss) kd IfsfSTF ,ilNa VwgLk ,iltiidia $YIk ) tisfFfwd.
,uzbwF Nkwgll kidJdfsfs ,Uejhy> xtnthU kdJfsd kJk kww mudjJ
kdJfsfSk nrYjJdk tviriaf f=zfhl Nt=zLk ,jjifa #oegiyfSTF
$Yik tjadhy KILNk tir fh=z ,ayhd. gy kdJIfs mikgcfsy VwglLk
, 1ltidfisg gw NkwnghUedjy jjJtk tistFfwd.

NkwnghUedjy jJjJdtjgd gb> xU Fwggll kdJfs kJ nraygLk nkhjj
tirahdd kww midjJd kdJIfsfs mjd kI nraygLjJk tirfsid ntflh
$SLJYFFr rkkhFk.

di, J2, 03,.... gnMHPla kdD}11 KkjogcFisAila n kdJfsfis csslffia
mikgG xdawF FUIF g d k3 qnrYjIk ©iar

ur
Fia=k %% Par

2
r2 1

,gF vdgd tiyed 1 ,iz=zfFk Nfhlbd jiiray mikAk XuyF ntflh
kwWwk vdgd mit ,uzbwFkhd ,sljnjhayT MFk ,ttU kdIfsTSTF
, 1INaahd ©hir Rww mikedss kww kidJfsfshy khwwggltjiyny.

gud kJ ganrYjJk tiiar
ur
Fiz=k qlcj?' ?31

r31
-NjNghy aqid kI kww midjJI kdJIfsfshyk nrYjjggLk nkhjj einykd
qEr Uiy U u u
Fi =Fe+Fn+Fu+t

urtot ‘I U
F1 :kiql(jz §21 + ql(;l?; $31 + ql?4 $41 + + ql?n $n1 Y
1 '21 31 41 M

,U kdJdfstis tl mpf vzzfifay c<css kdJdfs mikgcfsy
NkwnghUeJdjy jJjJdtjijg gadglLjjhky S$Yik tjy KOirk ngwhd.
NkwnghUedjy JjJtk kwWk $Ylk tj) Mhait eiy kddayd mbggilj
JjJdtgfrshFk. eiy kddayy fhzggbk midjJ efoTfisAk ,ttu=L
jjdtgfs vtwsfFhdwd. MdhYk ,ttu=zL jJjJdtqgfisAk xdwyUed
kwnwhd swj JuUgff ,ayhd.

vLjIFFhIL:
Muk 1 m nfh=zl tlljjiYss ehdF Gssifs)yy ehdF rkkhd kidDlIk nfh=1

kdJdfsfs qi, Q2, gskwWk gz =q=+1pC 1tffgglLssd kdJdfs qid kJ kww
midjJ kdJfsftshYk nrYjjggLk nkhjj tisrsaf fh=FHLT
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JhT:

NkwnghUeJdjy jjJdtjjid gb g d kJ nrYjjggLk nkhjj eiykd
tirahdd kww kidJdfsfshy mjd kI nrYjjggLk jdijjdr tiirfsid ntflh
$SLJYTFr rkk. qud kJ nraygLk tir xtnthdwd jJiirAk gdtUk gljjy

fhllgglLssJd. "

Uit U ur
Fi =Fe+Fi+Fu

> kwWwk qgMfia kdJfsfs qu yUed rk njhiyty cssd. vd\
i radhy

9
J

NEWGIIhYK FokeWk Futirfsid vzkjigé rkkhFk. ,jdhy jhd mtwiwf
Fwggllg gadgLjjia ntflhfs rkesKld tiruagglLssd. Mdhy g kwWk Q:
Mfiatwiwf FhlbYk mjif njhiytlyy kdJfs Qs CSSJ njhlyT $bdhy

eiykd tirad tyiik FiwAk. Mjyhy> tirfs FleWWk F14pratW|w
tl Fid vzkjigé FiwT. ,jdhy jhd tirfs FleWWk F14pratwwpd
esjij vl yir Fid esk Fiwthf tiuvagglLssJd.

gljjiyived r,, :x/Em =r, kwwWk r, =2mtirfsid vz=zkjigG
_kg® _9710°"107"
F13 -T2 =
My 4
Fi3=2.25x103N
kgq® _9710° 107
r 2
=45x103N

gljjiyiled 6=45°,ejJ tirfs mtwwd ntflh $WFisF nfth=L gdtUkhw
vOjggLfiwd.

F, =

u -
Fi=F, cosq$— Flzsmcﬁ
1$ cang- 1
—t-45710""—
V2 V2

u

Fi =F,1=2.25"10°N}
u -
Fia :F14cosq$+ F14smq§

=457107°"

1 1
=45710° ——$+45710° -
V2 V2
vdNt q: d kJ nraygLk nkhjj tar
U 1ot .
Fi :(F12 cosq$-|:lzsmq§)+ F.$

+ (F14 cosq$— F.sin q%)
U tot
Fi (F,cosq-F,+F, cosq)$

+ (-F,cosq + F,,sin q)?

Fi12 = FuMjyhy> ?jpi rf$W RoahFk.
vdN
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U tot
Fi =(F,cosq+F,+F, cosq)$

, rrkdghlby Kkjigcfisg gupiarl>

24.5 456
= =29 19954+ 2% (4502 +2.25)
§J2 J23 ( )
U ot a3
F: =8.61710°N}
njhFgad tarahdJ NehfFw x- mrR jiirayy mukfwd.

kdGyk kwWk kdGyf NfiLfs

kidGyk: ) o ]

U kdIfsfSTF ,ilNa efOk ,iltid $Ylk tjadhy ngwggLfiwd.
,eJ L,iltgid vtthw cUthfiwd? ntsjgguggy (space) xU Gsslay
1tffgglLss Gss) kdJdfs xdiwf TfUJINthk. mjiyiUed rwJ njhiyty
,dndhU Gss) kdJdfis 1tjjhy mdd ftUk ©ir myyd tyfF tiiria
czUk. ,1j njhiytyy efOk tiarrnray (action - at - a distance) vdgh. Mdhy
rMvJd njhiytlyy stffggLfidw ,u=zlhtd kdJdfs> Kjy kdJdfsd ,Ugig
vtthW mwed nthstwd? ,ejf Nfstffhd talia ms Nt skfNFfy ghuNi
kidGyk vdw fUjjlary mwKTFfk nrajhh.

ghuNltd FUjJggb gugQrjjiyss xtnthU kdJfSk mjidr Rww xU
kdGyjij cUthfFfiidwd. ,ejJ kdGyjjry ,dndhU kdJdfisft nfth=L
tUkNghD> Kjy kdGyjJdlid mJd ,iltid Ghtjhy xU tiiria czhfwd.
» NJNghy»<hgGgGyk vdw fUjjlaiy mwKTFfgglLjjia Nghdk>

mJ ,U eiwfFSThilNa nraygLk ,iltiidNa vdwW tthjjij endty
nfhssTk kdtiir kwWk <hgéthair Mfia ,u=zLNk njhlh ©irfs. Mjyhy
nghiytyy efOk girrnrayfis tistf Gyk vdw fUjjiay Nj i tggLfwd.

Gwntsjay xU Gssjayy i1tffgglLss g vdw Gss) kdJdfs xdiwf FfFUJIT
mjiyiued r njhiytly css P vdw Gssay qvdw ,dndhU kdJdfs
(Nrhjad kdJdfs) stffggLfwd. q My Nrhjid kdJfs qo c=zUk erykd
vir Yk gjpadhy ngwgglLfiwd.

jdadr Rww mikedss ntsigguggy kdJdfs q MdJd xU kdGyjij
cUthfFfiwd. q vdw Gss) kdJdfsyUed njhaytiYss Gss P,y

1 tffggLk XuyF kdD}Hl Ik nfh=zl kdJfshy cz=zuggLk tiirNa mgGss) P
,y @1tffggLk XuyF kdD}IIk nfh=zl kdJfshy c<cz=zugglk tiErNa

mgGss) P ,y css kdGyjjid kjigghFk. , 1 jNa ehk gdtUkhW vO jyhk.

,qF 7 vdgd q tiyiled ehk vLJIfnfh=z1l Gss) PFF tiuaggLk XuyF
ntflunFk. kdGyk xU ntflu msT NkYk mjd SI myF eAlld / $Ylk
(NC1) MFk.

kdGyjjid Kffia g=G6fs:
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) kddfs gq Neu kdD}IlIk (+) nfh=zljhf ,Uejhy> kdJfsyUed
ntsiNehffia jiiray kdGyk ,UfFk. q VjhkdD}IIk () nfh=z1jhf
,Uejhy csNehffia jiiray kdGyk ,UfFk.

ii) P vdw xU Gssjaty kdGyk E vdyr mgGssjayy atffgglk Nrhjid
kdJfs g0 My c=zuggLk ©ir.
F=q,E

, JIN® kidGyF fUj jlayid %ykhf $Ylk thiriag ngWk Kiw.

kidGykhdd Nrhjid kdJfsd kdDHIIk qo Ir rhuejjyy
vdgi JAk %y kdJfsid (Source charge) kdDHlIl Kkjigé g 1
KILNk rhuejJd vdgi jAk rkdghL (14)d %ykhd mwayhk.

kdGyk xU ntflu msT vdgjhy mjwF jJdijjnthU jJisrAk
vzkjigGk ntsaYss xtnthU GssjalYk ,UfFFk. kdJfSTFk
GssifFk ,1INa css njhayT ()

myfujjhy kdGyjgd vzkjgé FiwAk vdgij rkdghL. kdGy
%yjJJwF mUFly GssPmikedssjhy mgF

kdGyjjid tyiik myyJd vzkjigGc kww Gssifs Q kwwk R 1 tul
mjFkhf cssJ.

iv) Nrhjid kdJdfs (qo) mtffggLkNghd %y kdJfs efuhky ,Uggjwfhf
mjd kdD}1 kjgG qo kfFTk rwajhf vLjIF nfhssgglLfwd myyJ
%y kdJfsid kdGyjujg ghjfFfhjthw ,Uggjwfhf Nrhjid kdJfs
kifrrwa kidD}1 kjgGe lajht vLjIfnfthssgglLfwd.

v) rkdghL (14) Gss) kdIfsTSTF kILNk nghUedk. kidJfsfsid njhlu
gutyfSTFk  tukgwFIgll kdD}11 msT nfth=l kdJdfs
gutyfSTFk njhifaly Kiwfisg gadglLjj Nt=zLk ,twiwg
gddu ghugNghk. ,UggDk> tukgwFIgll kdD}Il msT nfh=l
kdJdfsilkUed Nrhjidg Gss| ntF njhiytlyy cssNghd mjJfshy
cuthffggLk kdGyjjwfhd Njhuhakhd mstlhf ,rrkdghlalg
gadgLjjyhk. Goad kJ #Huad VwgLjJk <ugGg Gyjnjf
f=zfhLkNghdk> Goima xU GCss) erwahff fTUjanj endT
nfhssTk

vi) kdGyqfsyy ,U tiffs cssd: ruhd (khwhj) kdGyk kwWk ruww
kidGyk. Gwntsjaly (space) €ss midjJ Gssifs)Yk xNu jiarAld

khwhj vzkjigek nfh=zbUejhy mJ ruhd kidGyk (uniform electric field)
vdggLk. Gwntsjaty nttNtW Gssifs)yy nttNtW jiarfs myyJd
NtENtEW vzkjigéfs myyJd ,ttu=zlLNk nfh=zbUejhy mJ ruww
kidGykhFk. Gss) kdJfs xdwdhy VwgLk kdGyk ruww kdGyNk.
mjd ruw jdik pirayYk cssd vz kjggYk cssJd - mjd
Jiar MugNghtfiy ntsiNehfhathW (myyJd csNehffiathW) makfwd.
NkYk njhiyT myfufFkNghd> mjd v= kjigGk khWwgLfwJ.

vLjIThIL
gdtUk ,U NeuTFfSTF P kwwWk Q Gssifsyy kdGyjijf f=FfLT
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(m) MjigGssiary 1tffgglLss +1 uC kdD}l Ik nfh=zl Gss) Neu kdJfshy
cUthFk kdGyk.

(M) MjigGssiary 1tffgglLss 2 pC kdD}H Ik nfh=z1l Gss) vju kdJfshy
cUthFk kdGyk

JuT
NeuT (m)

Gss) P ay kdGyjjid v=kjigG

_ 1 g_9710°71710°
4pe, 1’ 4
=2.25"10°NC™

EP

,QF %y kdJfs Neu kdD}Ilk nfh=zljhf ,Uggjhyy mjiyiUed
ntsiNehffia jimray kdGyk FwffggLfidwd. vdN® Gss) P ,y kdGyk

uul

E, =2.25"10°NC™

Gss) Py kdGyjjid v=kjigG

,qF %y kidJdfs vjh kdD}IIk nfh=1jhFf ,Uggjhy> mij Nehffa jiaray
kidGyk FwffggLfidwd. vdNt Gss) Py kdGyk
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Gss) kdJdfsfshyhd mikggd kdGyk:

cwntsj@ayy (space) gy Gss) kidJdfsfs gutiAss mikgG xdawF FUINthk.
,€J]g Gss) kdJfsfsd mikggdhy xU Gssjay c<cUthFk nkhjj
kdGyjunjf Ff=zfALtgjwF NkwnghUedjy jj3Jdtjnjg gadglLjJIfiNwhk.
,ttikggy VNJDk xU Gssjay fhzggLk njhFgad kdGykhdd xtnthU
kdJfSk mgGssiary cUthfFk kdGygfsid ntflh $SLJYFFr rkk. ,JINt
kidGygfsid NkwnghUeJdjy vdggLKk.

ntsigguggy gyNtWw GCssifsyy mikedss i, 2, O3 GCss)
kdJdfsfsid mikgigf FUINthk ,ttidjJ kdJIfsfshYk VNJhnthU Gss)

(P) aay cUthFk nkhjj kidGyk

,OF Qqi, 2, Q3 gpMfla kdJIfsfSTfFk GCss) P fFk , 1INaAss
njhiyTfis KiwNa r..r .r rovdf. NKYK P, Pop, Popen iy MFlad

1p?
KiwNa qi, g2 03 gnkidIJfsts)y ,Ued mgGssifF  tiruaggll xuyF
ntflhfshFk.

rkdghL gdtUkhW vOjyhk.

Ko
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vLj IfFrhl Ihf qu,02,03,MFa %dW Gss) kidJdfsfshy xU Gss) Pay cUthFk
njhFgad kidGyk
Fwggll Gss) (P) ayiUed kidJdfsid rhhGj nghiyTFisg (relative disances)

nghWjNj kdGy ntFlhfsd rhhG esqfSk (relative length) cssijf
ftd FfTk

gljjiy nfhLffgglLss Gss) kkdJdfs mikgigfF fUJTk Gss) A y cUthFk
kdGyjujf Ff=FALT. mgGssiary vyfluhd xdwW wstffggllhyy mJd milAk
KLffk vttsT? (vyfluhdid eiw =9.1 x 103! kg. vyFfluhdid kdD}lIk =-16
x 1019 C)

JhT:
NkwnghUeJdjy JjJdtjjid g Gss) A y efu kdGyk

,gF riakwwWk r.aMflad Gss) A Rk JfsTSTRK , 1INaAss
nghayTFfs

kidGyj jid v=kjigG

,JNt OAd jiiray mikej XuyF ntfluhFk

Gss) A y tifffgglk vyFluhd mi IAK KLFFk
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kidGyk EAd JiuarfF Nenugih piarasyy vyfluhd KLffka Ifwd.

kdJfsfFsid njhlh gutyhy cUthFk kdGyk:

Ezza eguyfsy kdD}lk Fth=zlj jdik nfth=13J. rkdghLfs (1.2), (1.3),

(1.4) Mhairt Gss) kdIfsTSTF kILNk nghUedgrt. kdD}1 1k ngww Nfhsk
myyJd kdD}Ilk ngw fkg cssill nghUstsd kdGyjimjf f=THLkNghJd
mgF jJdijjd Gss) kdJdfstist fUjjly nfhistd ,ayhd. vdNt ,jjifa
nghUsfsyy kdJdfsfs njhlh gutyyy cssjhff fUj Nt=zLk NkYk
mgnghUsTSTF kdD}HlIgfsd guemyj jdiakma (discrete nature) fUjjJIy
nfhssj Njitayiy mjjifa kdJIfsfsd njhlh gutyfshy cUthFk
kidGyjuj EzT=)J (Calculus method) Kiwiag gadgLjj f=fhlyhk

xOgfww tbtgnfh=zD kdD} Ik ngw nghUs xdiawf FUINthk. mgnghUis
Aqi, Aqe, Ags AeMTia kdJfs $SWFshfg gFFFTk xtnthU Aq kdJdfs
$iIwAk Gss) kdIfFsTshff FUJyhk.

midjJd kdJfs $WFshYk xU Gssay VwgLk kdGyqfsid ntflh $Ljy»
mkkidD}11g nghUshy VwgLk kidGyjjwFT filljjll rkkhFk.

,gF Aqgivdgd i kdJfs $Wripvdgd gss) P aylUed i kdJfs S$wd

nghayT kwWk $idegJ i kdJfs $wylUed Gss) P FF tiuiaggll xuyF
ntflh. vdiDk rkdghL xU Njhuhakhd rkdghNl. kidJfsfsid njhlh gutiyf
f=zffy nfhiss Ag—>0=(-dqg)vdw vyiyia VvLFF Nt=zLk ,ejJ vyiyay
rkdghL xU nghafalhf khwfidwd.
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,qQF rvdgd KkrnW (infinitesimal) kdD}llk nfh=z1 kidJfs dq tiyUed Gss)

P css njhayT P kwWk vdgJd dg ttyUed Gss) (P) ma Nehfh tiruagglLk
xuyF ntflh kdJdfsfsd njhlh gutyfshy cUthFk kdGyjijf
fzFfHLtI rwW fbdnkdwhYk mjjifa nghUsty ?‘<U Nrhjaid kdJdfsd kJ

nryjjggLk wirsaf fz=TAl > QFk F=qEvdw njhlhigNa ehk
gadgL j IfiNwhk.

1. L esKss fTkgnahdwy Q kdD}lIk nfh=zl kdJdfsfs ruhfg guty
,uejhyy mjd kdD}Il es mlhjjy (XuyF esjjiyss kdJfstsd

kdD}1  Kjigo) l:% ,jd myF $Y}k 7 kIIh (Cm?) krrW esk dl y

css kdJfsftsd kdD} 1k dg=Adl.

nkhjj kdD}Ilk Q css es kd mikggdhy cUthFk kidGyk

2. A guggsT nfh=zl gugnghdwy Q kdD}lIk nfhzl kdJfsfs ruhfg
guthaalejhy> mjd kdD}llg gugglhjji (XuyF guggstiYss kdJdfsfsid

kdDHI KjigG) :% ,jd myF $Y}k kI1h2(Cm?)

krrW guggsT dA y css kdJdfsfTsid kidD} 1k dg=odA.

nkhjj kdD}llk Q css guggdhy cUthFk kidGyk

V gukd nfh=zl nghUsyy Q kdD}IIIk nfh=zl kdJdfsfs ruhfg
guttaslejhyy mjd kdD}llg gukd mlhjjy (xuyF gUkdy css
kdJdfsfsid kdD}1 kjng)r:\% ,Jjd myF $Y}k 7/ kllIh3(C m3)

krrW gukd dV y css kdJdfsfsid kdD}l1k dq = pdV

nkhjj kdDMITk Q nfhz1 gUkgnghUshy cUthFk kidGyk

vLjITIL
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cuhatww kdfhgglggll rhajsk xdwd kJ m easwAk g Neh kidD}II
kjigGk nfh=zl nghUs xdW #§tffgglLssd. mij eiyahf i1tggjwk
rhajsjjwF ,1=zahd jiray kdGyk E msffggLfwd. kdGyjjid (E)
vdkjigugf fh=F

JhT:
giiw m d kJ nraygLk %dW tirfs

1. foNehffia jriray Gtadhy nrYjjgglLk <hgG tir (mg)
2. rhajsjjid guggdhy msiFfggLk nrgFjJ tiir (N)
3.  ruhd kidGyj jidhy msiFfggLk $Y}k tir (gE)

eiw m d jdijjj nghUs.

,Jwfhd JFej eiyk Ma miukgghdd (inertial coordinate system)
rhagsjjy .1k ngwwssijg gljjiy fh=zyhk x kwwk y-mrR Mfa
,uzZL Jierfs)Yk eaw m d KLFFk Ro;.

x— jinray egAlldd ,u=zlhk tjnag gadgLjp

kdGyjjid vzkjigghdd> e mwfF (m) NehjjfoYk kidD}1 kjoG q twF
vjhjjFouYk cssijf ftdiffTk mjhtd kdD}1jij khwwhky eliwia
kILk $lbdhy mgnghUs efuhky ,UFF NkYk tyjikahd kdGyk
Nj i tggLk. khwhf> eliwia khwwhky kdDHl1jij klLk $lbdhy> nghUs
efhtijj JLFF tyiik Fiwej kidGyNk NghJdkhdd.

rhagsjjid cauk (h), esk (L) MAatwwd mbggilaYk kdGyjij
vOjvyhk.

kidGyf NfhLfs;

kdGyf NfhLfs vdw TFTUjjhffjijg gadglLjjr kdGy nteflhfis
ghhfFFf$ba tifay TFh=zgffyhk. Gwntsay xU gFjjay mikedss
kdGyjijf fTh=zgfFk t==k tiuaggLk njhlh NFhLfNs kdGyf
NfhLfs MFk. kdGyf NfhLfis tiuAk Nghd gdtUk tjfisg gdgww
NE=Lk.

kdGyf NfhLfs Neh kidJfsyy njhlgfi vjih kdJdfsNyh myyJd Kbtyyhj
njhaytiNyh Kbtslfidwd.
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XU Gss) Neh kdJFfSTF tiruagghk kdGyf NfhLfs MugNghfhy
ntsiNehffia jJiiraYk xU Gss) vjh kdIFfSTF mit MugNghfhy
csNehffia jinraYk mikfdwd.

xU jdjpr Gss) Neh kdJIfisg nghUjjtiu kdGyf NFfhLfs
mkkidJfsiyyiUed njhlgfi Kbtiyhj njhiytlyy Kbtilfidwd. xU jdijp
Gss) vjh kddfisg nghUjjtau mit Kbtiyhj njhaiyty njhlgh
mkkidJfs)y Kbt Ifidwd.

kidGy T NfhlbwF xU Gssjazy tiuaggLk njhLNfhlbd jisrayy mgéssiad
kidGy ntflh mikAk

vejnthU gFpayy kdGyjgid nrwT mjifkhf cssNjh mgF kdGyT
NfhLfs neUTTkhfTk vqF kdGyjjd nrwT Fiwthf cssNjh mgF
mit ,ilnts wYlLk fTh=zggLfidwd. mjhtd FwgglInthU guggwF
nrgFjjhd Jiarayy> mggugagf TIfFk kdGyf NfhLfsd vzzifif
mtuljjiYss kdGyjjid vz kjigGfF Nehjjfoy ,UFFk

XU Gss) Neh kdJfsyyUed ntsiNawir nryYk kdGyfNFfhLfs
fhllgglLssd. kdJdfsyyiUed njhaiyT mjfiFFkNghd kdGyjjid tyink

Lr "
FiwAk EQ‘E‘u%E.VdND gugG Bcss ,I1jijul gugé6 A css LIljjy
rs

kidGyk mjifk. MfN© gugG B IFf FIfFk NfhLfsid vz=zzfifia tl
gugG A If TIfFk NfhLfsd vzzFif mjfkhf cssJ. gugé B vy

NfhLfs ,ilnts) ©WILKk gugG A y mit neUFFkhfTk cssijf
fedffTk

,U kdGyf NfhLfs xdiwnahdW ntlbf nfhstjyysy. mtthW ntlbf
nfh=zlhy> xXNu Gssjazy ,UNtW kdGy ntflhfs css g1y VwglLk

mtthW Vwgllhy> mej ntlLg Gssjayy §tffggLk xU kidJdfshdJ xNu
Neug gy ,UNEW parfsyy efu NezLk ,J ,awifay elffhj xdw
vd\® kdGyf NfhLfs xdiwnahdW ntlbf nfhstjiyny.

XUNeh kidJfsiyiUed ntsiNehffir nryYk kdGyf NfhLfsid vzziFif
myyJd vjh kdJdfsy KbtilAk NfhiLbfsid vzziFifahdd mej
kdJfsid kdD}Il kjiggwF Nehjjfoy ,UFFk

vLjJIffhl IhP+qg kwWk -2 Mfia kdD}I1 Kkjigé nfh=zl ,U kdIFfsTSTF
tiruvagglLss kdGyf NfhLfs nfhLffgglLssd. +q kdJfsiyiUed
ntsitUk GyfNfhLfsid vzzFif 8 vdgijAk -2 kdJfis milAK
CyfNfhLfsid vzzFif 16 vdgijAk FfedffTk ,u=zlhtd kdJdfsd
kdDHl kjigc Kjyhtijul ,U klIgfhf cssjhy kdGyf NfhLfsid
vzzfFifAk ,Uklqgfhf cssJ.

kd ,UKidAk mjd g=zGFSk
kd ,UKid (Dipole):

rwa , ilntsay ghjJd §tffggll ,U rkkhd Ntwd kdJdfsfts kd
,UKidia cUthfFfidwd. gy %yf$WFfs)y Neh kdJfsfsid inkaKk
vjh kidJdfsfsid 1kaKk xNu Gssjay nghUedtJ ,yiy. mjjifa
%y fBWFs e/iyahd kd ,U KidfisgNghy nraygLfidwd.
vLjIffhlLFs: CO, e mkNkhdiahHCI cssillit
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2a njhaytyy ghjJd mtffgglLss ,U rkkhd> kdD}lIlIk nfh=z1 Ntwd
kdJfsfisT (+q, -q) FUINEthk

kid ,UKidad juUgGjgwd (electric depole moment) gdtUkhW
tivawffgglLfiwd.

,qF Ir+vng MjigGssjaryiUed +q fF tiruaggLk emy ntflh kwWk
r-vdgJd MjigGssiayyiUed —q fF tiruaggLk ey ntflh

,Jiyed ehk mwtd> kd,UKsd JUgGjjwdd jiirahdJd ,U
kdJdfsftis , 1 zfFk Nfhlbd toNa -q tiyUed +q I NehtH mukfwJ.

., JJUgG) jwdid SI myF $Ylk kllh (Cm) kd ,UKid xdwd kdGyf
NfhLfs fThllgglLssd.

vsiik fUp ,U kdJfsfSk x- mrrNyNa mtffgglLssd. y- mrRj
JiiraNyh z— mrRj jgiiraNyh mit wtffgglbUejhYk -q tiylUed +q
css jJiiraNyNa mikejjufFk. kd ,UKiEd jJuUgGjjwdd vz=kjigghdJd
mkkdJfsfSs VNjJDk xdwd de}II kjiggid mtwwhHiiINa css

njhiytidhy ngUFfff fim lggjhFk. ‘p‘ 20a

,U rkkhd> Ntwd kdJIfsfsd kd ,UKid jJUgGjjwd ,qgF
tivaWffgglL ,UejhYk ,UKiEd jJiUgGjywd vdgd xU nghdthd msT.
xU jdjj kdJdfs> ,U Neh kdJIfsfs> ,U vjhkdIfsfs kwWwk ,U
kdJfstSTF Nkwgll vzzififayhd kdJdfsfs nfhz=zl mikgG
MfiatwWfFk $1 kd ,UKid jiugGjjwid tiuvaiw nrad fz=zFfhlyhk

n Gss) kdJdfsfs mlgha njhFggwP kd ,UKsd juUgGjjwidg
gdtUkhW truaWffyhk.

,qQF 'rivng MjigGssialyiUed kidJfs qfF tiruaggbk eny

ntflh.

gdtUk kdJdfs mikgGfFSTF kd ,UKid jiUgGjjwidf F=FFLT.
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JhT:

NehT (m) +q kddfsid eiy ntflh Neh x- mrR Jiiray

mikeJss af kwnwhU kdJdfsid ey ntflh vjh xmrR  jiiray
mikeJss - alvdNt ,UKidad jjugGj jwd.

NehT (M) ,qF xU kdJfs MjigGssiary mtffgglLssd. vdNt mjd
ey ntflh Ro. MA\> ,dndhU kdJfsid epiyLl ntfluhd KILNk

,UKidad jjugGjjwird cUthfFfwJd. mjhtd p:qa$

nghdth Mjigéssiaad NJhT kwWk kdJIfsfsid eiyaikgst Mfatwiwr
rhheNj kd ,UKid jJuUgGgwd miakfidwd. Mdhy xU rwgG NehTfF KkILk
mJ MJig GCssiad Njhaitr rhhejuhd - mjhtd nkhjj (efu) kdD}Ik
Roaht ,UfFk Nghd kILk ,djhyjhd> MjigGssiasad NjhT vethwhf , UggDKk
(nkhjj kdD}11k Roahtjhy) xU kd ,UKidad juUgGjjwdhdd —-q tyy\Ued
+q 1t Nehffla jiaray mikfwd.

NehT (,)p=-2qaj+q(2a)(-§)=-4qa .ej Nerty pd jiir -2q tyUed +q it
NehftH) , UFFk.

NehT (<)LE):—an(—$)+qa(—§):2qa§ eH %yfsw (H.0) xdwd kdJIfsfs
eiyaikgG ,1jg NghyNt cssJ. eh yfdW %dW mZffs (,u=zL H
mZffs kwwk xU O mZ) nfh=z13. eh %yf$HW xdwy Neh kdIfsid (H)
ikaKk vjh kdJfsid (O) mkaKk nttNtW Gssifsyy miktjhyy mJ
eiyjj ,UKid jJiUgGjjwrdg (Permanent dipole moment) ngwwWssJ. , jiy O
- H gi=zggd esk 0.058x 10m. Mjyhy>r eh %yf$wd kd ,UKid
JUgGjjywd p=6.110%Cm. ,qF kd,UKid juUgGjjwdhdd vjh kdJIfsd
ikajjiylUed Neh kidJdfsid ikajij Nehffi jiiray ,UFFk.

kd ,UKidad kdGyk:

NehT i. kd ,UKsidad mrRfNfhlby kd ,UKidahy cUthFk kdGyk.
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x— mrny 1tffgglLss kd ,UKird xdiwf fUINthk. mjd imkagGss) O
tyUed mrRfNfhlby r njhiytyy Gss) C cssJ.

+q kdD}Il kjoG nfhzl kdJfshy Gss) C y cUthFk kdGyk
w 1 q .
E.= BC jiira

Ipe, (r-ay (BC jiiray)

>, qQF E)vng -g tyllUed +g 1t Nehffia jiray tiuaggbk ,UKrd
JiUgGj gwdid XuyF ntfluhFk.

-g kdD}Il kjigé nfh=z1l kdJdfshy Gss) C y cUthFk kdGyk

-9 kddfistul +qg kdJdfshdd Gss) C fF mUfly cssjhyy 1 tl
tyikahdJd. vdN®

midjJd kdJfs $WFshYk xU Gssay VwgLk kdGyqfsid ntflh $Ljy»
mkkidD}11g nghUshy VwgLk kidGyjjwFF filljjll rkkhFk.

,gF r vdgJd krrw (infinitesimal) kkdD}1 1k nfh=zlkidJfs dgtyyUeJGss|

pcss njhiyT kwWk r vdgd dqtiyled Gss) (p) ma Nehffj tiuaggLk
XuyF ntflu. kdJdfsfsid njhlu gutyfshy cUthFk kdGyjiujf
f=zALtd rwW fbdnkdwhYk mjjifa nghUs“:‘by >L<MU Nrhjaid kdJdfsd kJ

nrYjjoggL,k wirmaf fz=zthl > gFk F=gEvdw njhluigNa ehk
gadgL j IfiNwhk.
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(@) LesKss fTkgnahdwy QkidD}I1k nfh=zl kidJdfsfs ruhfg guty ,Uejhy
mjd kdD}l es mlujj) XuyF esjjiYyss kdJdfsfsd kdD}l1 KjigG)

I:%. ,Jd myF $Y}k /kllu (Cm-1)
krrW esk dl y css kidJdfsfsid kdD}l1k dl = /dl

nkhjj kdD}Ilk Q css es kd mikggdhy cUthFk kidGyk

A guggsT nfth=l gugnghdwy Q kdD}Ilk nfh=zl kdJfsfs ruhfg
gutiasUeghyy mjd kdD}llg gugglhjji (XuyF guggstiYss kdJdfsfsd

kdD} I KjigG) s:% ,jd myF $Yhk/KI I (C m2)

krrW guggsT dA y css kdJfsfsid kidD}I1k dg=sdA.

nkhjj kdD}lIlk Q css guggdhy cUthFk kidGyk

() V gUkd nth=zl nghUsyy Q kdD}l Ik nfh=zl1 kdJfsfs
ruhfg gutasUejhy mjd kdD}llg gukd mlujj (XuyF gUkdy css
kidJdfsfsid

kid D} 1K jigG) r:% ,jd myF $Y}k 7 kI11h3 (Cm?3)

krrW gukd dV y css kdJfsfsid kdD}lIk dg= rdVv
nkhjj kdD}Ilk Q nfh=zl gUkgnghUshy cUthFk kdGyk

vLjIFTFhlIL:

cuhatww kidfhgglggll rhajsk xdwd kJ m emwk g Neh kdD}I1 kjigGk
nfh=z1 nghUs xdW mtffgglLssd. mij enyaht mtggjwkP rhajsjjwF
, 1zahd jiaray kdGyk E msiffggLfiwJd. kdGyjjid (E) vdkjigagf fh=T.

JhT:
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eiw m d kJ nraygLk %dW tarfs:

. FoNehffha jiirayy Gtavdhy nrYjjggLk <hgG thar (mg)
rhajsjjid guggdhy msiFfggLk nrgFjJ tiir (N)

. ruhd kidGyj jidhy msifFfggLk $Yhk tiar (qE)
eiw m d jdijj nghUs tiargglk ,gNf jugglLssJd.

,Jwfhd jFej eiyk Ma mikgghdd (inertial coordinate system) rhajsjjly
>, 1k ngwWssijg gljjiy fh=zyhk x kwwk y- mrR Mfia ,u=zL jirfs)Yk
eriw m d KLTfk Ro.

x— Jinray eAlldd ,u=zlhk gjimag gadgLjp>

myyJE = mgsing

kidGyjjid vzkjiogghdd> eawfFF (m) NehjjfoYk kdD}Il Kjigé g tpWF
vihjjfogYk cssijf fediffTk mjhtd kdD}jij khwehky e
klILk $I1bdhy mgnghUs efuhky ,UfF NkYk tyjikahd kidGyk Nj itgng
khwht> eiyra khwwhky kidD}I1jij kiILk $lbdhy> nghUs efhtuojj JLFF
tyiik Fiwej kidGyNk NghJdkhdJd.
rhajsjjid cauk (h), esk (L) Mfiatwwyd mbggi laYk kdGyjij vOjyhk.
_mgh
gL
kdGy T NfhLTs:
kidGyFf NfhLfs vdw fUjjhfFFjijg gadglLjj) kdGy ntflhfis ghhffFf$ba
tifay fTh=zgffyhk Gwntsayy xU gFjiaay mikedss kdGyjijfT
Th=zgfFk t=z=k tiruaggLk nyhlh NfhLfNs kdGyf NfhLfs MFk. kdGyf
NfhLfis tiuAk Nghd gdtUk tjfisg gdgww Nt=Lk.
kdGyf NfhLfs Neh kdJfsyy njhlgfh vjh kdJIfsiNyh myyJ
Kbtiyhj njhiytiNyh Kbtialfidwd.

XU Gss) Neh kdJIfSTF tiruagghbk kdGyf NFfhLfs  MugNghthy
ntsiNehffla JiairaYk xU Gss) vjh kdJIfSTfF mit MugNghfhy
csNehffla jinraYk mikfdwd.

XU jdijj Gss) Neh kkdJduisg nghUjjtiau kdGyF NFhLfs mkkidJfsyyUed
nghlgfh Kbtiyhj njhiytyy Kbtilfidwd. xUjdijj> Gss) vjih kdIfisg
nghUjjtiu mit Kbtiyhj njhiytlyy njhlgfi mkkdJIfs)y Kbt lfidwd.

kidGyf NfhlbwF xU Gssjaly tiruaggLk njhLNfhlbd jiiray mgGssiad
kdGy ntflh mikgG vejnthU gFjayy kdGyjgid nrwT mjifkhf cssNjh
mgF kidGyT NfhLfs neUffkhfTk vgF kdGyjjd nrwT Fiwthf cssNjh
mgF mit ,ilnts tlLk fth=zggLfidwd. mjhtJd FwggllnthU guggwF
nrgFjjhd jpirapy> mggugagf TIfFk kdGyf NfhLfsid vzzifif
mtuljjiYss kdGyjjid vzkjigGFF Nehjjfuy ,UfFk

XU Gss) Neh kdJfsyUed ntsiNawr nryYk kdGyf NfhLfs
fhllgglLssd. kdJdfsyyjUed njhiyT mypfhfFFkNghd kdGyjjd tyiik
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u" “
FiwAk EQ‘E‘“%E- vdN®> gug6 B css ,I1jijtl gug6 A css LIjjy
rg

kidGyk mjifk. MfNt gugG B I ¥ FIfFk NfhLfsid vzzififia tl gugé A
If fIfFk NfhLfsid vzzFif mjfkhf cssJ. gugé6 B y NFhLfs
, 1Ints) tlLk gugG A y mit neUFFkhfTk cssijf fedffTk

,U kdGyf NfhLfs xdiwnahdW ntlbf nfhstjiyiy. mtthW ntlbf
nfh=zlhy> xXNu Gssjazy ,UNtW kdGy ntflhfs css gy VwglLk

mtthW Vwgllhyy mej ntlLg Gssiayy mtffggLk xU kdJfshdJd xNu
Neug gy ,UNEW jJiarfsyy efu NtzLk ,J ,awifay elffhj xdw.
vdNt kidGyf NFfhLfs xd iwnahdW ntlbf nhfstjiyiy.

XU Neh kdJfsyiUed ntsiNehffir nryYk kdGyf NfhLfsid vzziFif
myyd vjh kdJdfsy KbtilAk NfhLfsid vzzififahdd mej
kdJfsid kdD}Il kjiggwF Nehjjfoy ,UFFk

vLjJ3ffhlIhP+q kwwk -2 Mfla kdD}Il kjgG nfh=zl ,U kdJIfsTfSTF
tiruvagglLss kdGyf NfhLfs nfhLffgglLssd. +q kdJfsyjUed ntsitUk
CyfNfhLfsid vzzfFif 8 vdgijAk -2q kkddfis milAk GyfNfhLfsd
vzzifif 16 vdgijAk TtdffTk ,u=zlhtd kdJfsd kdD}Il KkjigG
Kjyhtijtul ,UKIgfhf cssjhy kdGyf NfhLfsd vz=zz=zFifAkK
, UkKIgfhf cssJ.

gyNtW kdJfs mikgcFSTfhd kdGyf Nfhbfs gdtUk glgfsy
nfhLffgglLssd.

css 1 kwwk g0 Mfla ,U kdJdfsfsid FwaLfis milahsk f=L.
vfjjajf fh=F

LU Neh kidJdfsfsd kdD}lIl uhjjijf f=ffHLFf NkYk A, B,C Mfia
Gssifsyy kdGyjjid tyiikmaf f=fFfLT.

%dW kdJfsfsid kdGyf NFfhLfs nfhLffgglLssd. g2 =-20 nC vdlyy gikwWk
g:d kdD}Il kjgGFast f=FfLT

JhT:
kdGyf NfhLfs qy njhlgfi ql y Kbtilfidwd. vdNt tyy qgNehfFw (+)
nfth=1J. quvjhFw (-) nfh=z1J. g2 tylUed ntsNaWk NfhLfsd vzzifif

1® kwWk g1 y KbtilAk NfhLfsd vzz=zFif 6. vdNt g.d vzkjigé MFk.
tfj

,U Neh kdJfsfsyy ,Ued ntsiNaWk NfhLfsid vzziFifAKk rkk. (N = 18)
vdN® mtwwd kidD}I1 kjig6fSk rkkhf ,Uff Nt=zLk Gss| B y cssij
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tl Gss A - ty kdGyf NfhLfs neUfFFkhf cssd. vdNt Gss) B vy
fh=zggLk kidGyjjid v=zkjigig til Gss) A y mjifk. NkYk C d toNa vej
kdGyf NfhLk nryytiyiy. MfNt ,ttU kdJfsfshy C y VwglLk
njhFgad kidGyk RoahFk.

q:kwWk gz aryilUed kidGyT NfhLfs njhlgf g2 y Kbtialfidwd. g1 kwWk g3
Mfiait Neh kdIfs vd ,jJiyiued njhfwd. NkYk NfhLfsid vzzfFifad

uhjk rkk. (N = 18). vdNt mtwwd &=E=&=l, MNP q: d Kkjogy
G| 16 [G,| 2
ghjiasT cilairt qgkwWk gz

g:=q3=+10nC

kd ,UKidAk mjd g=zGFfSk
kd ,UKid (Dipole):

rwa , ilntsay ghj ptffggll ,U rkkhd> Ntwd kdJdfsfs kd
,UKidia cUthfFfidwd. gy %yf$Wrs)yy Neh kdJfsfsid ikaKk vjh
kdJdfsfsid i1kaKk xNu Gssjaly nghUedtJd ,yiy. mjjifa %yfSWfs

egiyahd kd ,U KirdfisghNghy nraygLfidwd. vLjJIffhlLfs CO, eb
mkNkhdiah HCl cssillit.

2a njhaytlyy ghj itffgglLss ,U rkkhd> kdD}HIk nfh=zl Ntwd
kdJdfsfisf (+q,-q) FUINEhK
kid ,UKi1dad JiUgGj jwd (electric  dipole  moment) gdtUkhW
tivawffggLfiwd.

p=pr.-qr.
vdgd MjigGssjalyiled +q fF tiuaggLk eimy ntflh kwWk

> qF r

+

Lr‘_vng MjigGssjayyiUed —-q fF tiuvaggLk emy ntflhtyUed

, Jiyilued ehk mwtd kd,UKrd jJjuUgGjywdid pimrahdd ,U kdJfsTis
, 1 ZzTFk Nfhlbd toNa - thyjUed +q 1 Nehffi miakfwd. , jjuUgGjjwdd
SI myF $Yi}k kIlh (Cm) kd ,UKId xdwd kdGyf NfhLfs
fhllgglLssd.

vsiik fUjp ,U kdJdfstfSk x- mrrNyNa i@tffgglLssd. y- mrRj
JiaraNyh z- [Iner JiiraNyh mit stffgglbUejhYk -g tiyWed +q css
JiaraNyNa pmikejufFk. kd ,UKid juUgGjjwdid v=kjigghdJd
mkkidJfsfSs VNJDk xdwd kLEdD}II kjiggid mtwwhHilNa css

njhiytidhy ngUFFF i lggjhFk. ‘p‘Zan

,U rkkhd> Ntwd kdJdfsfsid kd ,UKid juUgGygwd ,qF tiauvawffgglL
,UejhYk ,UKiEd jiugGjjwd vdgd xU nghdthd msT xU jdijj kdIfs
xU Neh kdJdfsfs ,U vjh kdJfsfs kwwk ,U kidJfsTSTF Nkwgll
vzzififayhd kdJfsfs nfth=zl mikgc MfiatwWfFk $1 kd ,UKid
JUgGyywed tiruamw nrad> fz=zfhyhk
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nGss) kkdJdfsfs mlgfha njhFggw kd ,UKiEd jiUgGjjwidg gdtUkhw
truawWffyhk

»gF }ivng MjigGssiaryyiUed kidJfs qifF tiuagglLk emy ntflh
vLJIFTFhlIL:
gdtUk kidJdfs mikgcFSTF kd ,UKkid jiUgGjjwidf F=FFLF

JhT:
NehT (m) +q kdJdfsid ey ntflh Neh x mrR Jiiray mikedss

a$ a$kwnth +q kdJdfsid eny ntflhb vjh x mrR jisray mikeJdss
atvdNt ,UKidad jiuUgGjjwd.

u

]
p = (+q) (al) + (+q) (-ai) =0
NehT (M) ,gF xU kdJfs MjigGssiay itffgglLssd vdNt mjd ey

ntflh Ro. MFN© ,dndhU kdJfsd ey ntflind atkILNk ,UKidad
u
jUgGjjwid cUthfFfwd. mjhtd p=qgal

nghdth® Mjigéssiaad NjhT kwWk kdJIfsfsid eiayaikAk Mbhatwiwr
rhheNj kd ,UKid jJuUgGjjwd mikfidwd. Mdhy xU rwgG NehTfF
kILk mJ Mjig Gssjasd Njhatr rhhejuhd — mjhtd nkhyj (effu) kidD}HIK
Roaht ,UFfFkNghd klILk. , jdhyjhd> MjigGssiasd NjhT vtthwhf ,UggDk>
(nkhjj kdD}11k Roahtjhy) xU kd,UKidad juUgGjjwdhdd -q tryed
+q 1t Nehffla piaray mikfwd.

Neh (,)kE):-2qa§+q(2a)(—§):4qa$ ,eJ Nehtyy %d Jiir -2g ttyed +q 1t
NehfH) , UFFk.

NehT (<)LE):—2qa(—$)+qa§+qa(—§):2qa$eh %yfHW (H:0) xdwd kdJIfsfTs
eiyaikgG ,i1jg NghyNt cssJ. eh yfIW %dW mZffs (,u=zL H
mZffs kwwk xU O mZ) nfh=13. eh %yfHW xdwy Neh kdIfsid (H)
ikaKk vjh kdJfsid (O) mkaKk nttNtW Gssifsyy miktjhyy mJ
eiyjj -UKid jJiUgGjjwidg (Permanent dipole moment) ngwwWssJ. , jiy O
- H gizggd esk 0958 x 100 m. Mjyhy> ed %yfdwd kd ,UKid
JiUgGjjwd p=6.1x10%cm. ,qF kd ,UKid jiUgGjjwdhdd vjh kdIfsd
ikajjiywed Neh kdJfsid ikajij Nehffa jiiray ,UfFk. ,J fNo
gljjy fthllgglLssJd.

kd,UKidad kdGyk :

NehT (1) kid ,UKidad mrRfNfhlby kd ,UKidahy cUthFk kidGyk

,Y ThlIbAssthW x - mrny ntffgglLss kd ,UKid xdiwf FUJINthk.
mjd mkagGss)] O tiylUed mrRfNfhlby rnjhiytyy Gss) C cssJ.
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kd ,UKidad mrRfNfhlby kdGyk:

+q kdD}Il Kkjig6 nfh=zl kdJIfsfshy Gss) C y cUthFk kdGyk
w 1 q .
E.= BC jinra

Ipe, (r-ay (BC jiiray)

kd ,UKid jjUgGjjwd ntFlh pMdJ -q tiyUed +q it NehfFFa jiiray’
mjhtd BC jiarayy ,Uggjhy’

,gF %vng -q ttywed +q 1t Nehffla jJiiray tiuvaggLk ,UKid
JUgG gwdid xuyF ntfluhFk.
-gkdD} kjigé nfh=1 kdJfshy Gss) C y cUthFk kdGyk

u

-g kdJdfistul +gq kdJdfshdd Gss) C fF mURly cssjhy E- 1 wl

E.tyiikahdd. vdNODE_-ntflhd esjijtl E.ntflhd esk mjfkhdjhf
tiuvagglLssd.

Gss) Cy cUthFk nkhjj kdGyjijf f=Thl kdGygfsid NkwnghUedjy
JjJtk gadglLjjgglLfwd.

-g itf fhlbYk +q kdJfs Gss) C fF mUfly ,Uggjhy nkhjj kidGyjjid
JiirAk Ed JiairaNyNa mikeJdssJ. Etotntflhﬂd Jiir FwgglgglLssJd.

kd ,UKidayUed Gss) C ntF njhaytyy ,Uejhy (r>>a), NkYk (r2-a)?»
r‘vdyhk. , 1jJ rkdghL y gujab
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ehk NjhT nraAku Gss) (C) kd ,UKrdfF ,13J6wk ,UejhYkD> nkhjj
kdGyjjid jiir pd jpiaray jhd mikAk. nfhLffgglLss kd ,UKidad
kidGy T NfhLfis Muhatjd %yk , 1jJ ehk mwayhk.

NehT (2) kkd ,UKEdad eLtiuj jsjjiYss CGssay kdGyk

kd ,UKidad elLgéss) O tiylUed r njhiytlyy eLtiuj jJsjjiy mikej
Gss) C If TUJINthk. +g kwwWk -gq ,uzbyilUedk Gss) C rku nghaytyy
cssjhy mtwwpdhxl cUthFk kdGyqfsid v= kjigG rkukth. E+u,d jJiar

BC ,d jpimrayYk E.,d jiir CA toahfTk nraygLk E:kwWk E.,twEw
,U $WFshfg gFgNghk. xU $W ,UKid mrRfF , izahfTk kwnwhdW

u
mjwFF nrgFj jhfTk , UFFk. nrqFjJf $WFshd E+|sing kwWk

u
\E-\sinq Mfiait xdWFnfhdW vjhjjiiray cssjhy mit xdiwnahdW rkd
nrad nfhsfidwd. vdNt Gss) Cy VwgLk nkhjj kdGyjjd vz=kjigghdJd

E.kwWk E-Mfiatwwd , izfSWFsd SLJYFFr rkkhfTk - pd jiirayk
, UFFk.

u

E.kwWk E. d vz Kjigs rkk. mjhtd

rkdghL (1.8)y gujaul
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kif mpf njhayTFSTF (r>>a) rkdghL (1.2001g gdtUkhW vOjyhk.

KffhanjuTfs,

1. kd ,UKidaylUed kif mypf njhiyTfs)Yss Gssifisg nghUjjtru
mrRfNfhlby cUthFk kdGyjjid tyiikahdd elLtiuy Jsjjwvy
cUthFk kdGyjjid tyiikiag Nghy ,Uklgfhf ,UfFk vdgij
rkdghLfs (1.17) kwWk (1.21) %yk mwfiNwhk. kd ,UKsdad mrRT
NfhlbYss Gssifsyy kd,UKidahy cUthFk kdGyjjd Jinr

JUKid JUgsjjwd P ntflud Jiirayk eltiuj jsjjyss

Gssifsly mjwkF jJujgiarayy> mghtd -P  ntflhd JiarayYk
m 1 kfiwJ.

2. kif mjyfkhd njhayTfaisg nghUjjtrw ,UKidad kdGyk isvdw
r

msty khWwfwd. mNjJ rkak xU Gss) kdJdfsid kdGyk izvdwthW
r
khwwtij eidtyy nfhssTk Gss) kdJdfsd kdGyjij t©l ,U
Kidad kdGyk Ntykhf Ro kjigig Nehffir nryfwd vdgij ,J
fhiLfwd. Vnddyr kf mpF njhaiyTfsy ,Ued ghhfFkNghJ»

,UKidad ,U kdJdfstSk xdWfnthdW neUffkhf cssijg Nghy
NjhdWwejhy> ,u=zbd kdGyKk xdiwnahdW rkdnrad nfthsfidwd.

3. rkdghL kwWk Mfiait kif mjF njhiyTFSFF (r>>a) KILNk nghUeJdk.
kdJfsftfSTF , 1lNaahd njhayT 2a Ronayiy kjigigAk (2a — 0)
kdJdfs q Kbtiyh kjigigAk mialejhy(qg — «) mtwwd ngUfFfwgyd
2ag MdJtukgwFIgll kjgigg ngWwk. Mjjifa ,UKidahdd Gss)
,UKid (point dipole) vdggLk. Gss} ,UKidfisg nghUjjtiu
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madjJ njhayTFSTFNKk rkdghLfs (1.17) kwWwk (1.21) MhAarnt
nghUeJk.

rund kdGyjjry, itffgglLlss kd ,UKid kJ nraygLk jiUgG tiir

rk ,ilntsay xNu jiirayikej kdGyf NfhLfsdhy FwffggLk ruhd
kdGyk Exdwy itffggllss ,UKid jUgGjjwd Pnfi=l kd ,UKid
xdiwf FUINthk. +q kidJIfshdJd kdGyjjid jimray qEvdW tiriaAk -q
kdJdfshdd GyjjwF vjpujjpirapy—qlljzvdw giriaAk cz=zufidwd. Gw

kidGyk E runfcss i kahy , UK1daidkjhdnkhj j tirRoahFk., ttu=L
UirfSk nteNtW Gssifslyy nraygLtjhy ,ulil cUthfiwd mjdhy VwglLk
JugG bgir kd ,UKidad kJ nrayglL mij Royr nrafwd. (ruhd
kidGyjjd kdGyf NfhLfs rk ,ilnts tlLk xNu jJiiraYk cssijf
ftd FfTk).

nkhjjj JiUgG tirahdd ,jjhsid jJsjjwFF nrgFjjhfTk csNehffia
JimrayYk cssij tyfifj JUFtgjiad mbggilay (fh=zf +1,awgay
nghFj » myF5) mwa KbAK.

nkhjj jugctirad vzkjige

,qFgvdgd Pkwwk EFF ,ilggll Nfhizk NkYk p=2ag. vdNt ntflu

ngUffy mbggi lay jJiUgé tarahdJd gdtUkhW vOjggLfwd.

. JJUgGtiirad vzkjigG t=pEsing; g =90 MFkNghd> mJ ngUk Kkjigig
milAk.

" ,€JJ JUgG tisrahdd kd ,UKidrar Royr DuEaJ kidGyj jid
(E)Jiiragyy mij xuUgfikar nrafwd. kdGyjJdld (E)jiirayy mij

uuu uuu

xUgfikar nrafwd. kdGyjJdld (E)juUgGjjwd (P)xUqgfikej gd>
,UKidad kJ nrayglLk nkhjj juUgGtiir RoahFk. kidGyk ruwwjhf
,Uejhy +qd kjhd tirAk-gd kjhd tiirAk -qd kjhd tirAk
nttNtwhf ,UfFk. tir nteNtwhf ,UFFk ,eeiyay jiugc tarAld
efu ©ir xdwk ,UKidad kJ nraygLk

vLjIFFhIL
3710°NC'ty)ik nfhzl ruhd kdGyjjiy HCI1 thA %yf$Wfs i tffggLfiwd.

HC1 %yf$wd kd ,UKid jJuUgGjjwd 3.4710°Cm vdy xU HCI
%yfdwd kI nraygLk ngUk jiugG thiriaf f=FfLT
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JuT

Gw kdGyjjwFT nrgFjjhf css giyay ,UKidad kJ ngUk jUgG tir
nrayglLk

T, =PESin90°=3.4710"%"3710*Nm

t,.,=10.27 107 Nm

cqfSTF njhAkh

kd ,UKidad kJ nraygLk juUgG tir vdw jjJdtjjd mbggilay
Ez=zi1y mLgG (microwave over) nraygLfwJd. ehk czZk cztly css eu
%yfSWfs eiyjj kd ,UKidfs vdgij mwNthk ,ttlgé cUthfFFk
Ezziyfs> miyTWk kdfhejg GyqfNs MFk. Mjyhy mit eu%yfSWisd
kJ jJiUgG tiErma nraygbtjhy mit kf Ntfkhf RowwggLfidwd. mjiyiUed
ntgg Mwwy — cUthffggLfiwd. ,tthw  cUthFk ntggjjidhy c=T
#IhffggLfwd.

iy kddOjjKk kddOjj MwwYk

mwKfk

" ,afftayyy Mwwy khwwh tiErfsidhy cUthFk ey Mwwy
tivaWffggLfwd. <ugG ey Mwwy truaWffgglld. <ugé tir xU Mwwy
khwwh t©hEr vdgjhy <ugG ey Mwwy tiuawWffgglld (=1 ,awgay’myF6)
egidygUfftyhk. $Ylk tiar Xu ‘vjujjfT- ,Ujkb- tjrad gb nrayglLk
tirahjyhy <ugéG tiiriag Nghy mJTk xU Mwwy khwwh tirNa. vdNt
kdJdfsfshy Md TllikgGfFSTF ehk iy Mwwiy (kddOjj Mwwiy)
tivaiw nraa KbAk.

giy kddOjj MwYk eiy kddOjjKk

JjdidrRww kdGyk El cuUthfFks MjigGssiaty mtffgglLss Neu
kdJdfs glf TUJINthk mjwFk Nrhjid kdJdfs qgfFk ,ilNa eyTk
byfF girfF vjuhf Gss) R yiUed Gss) PFF g vLjJtuggLfwd. (ghkl.22).

,ogb vLjJ tUtjwF ,ttoyfF tirfF vjuhf Ntiy nraaggl Nt=Lk ,ej
NtiyNa eny Mwwyhf (kddOjj Mwwyhf) NrkffggLfiwd.

Nrhjad kdJdfs gMdJ GCss) RyjUed Gss) PFF ruhd jarNtfj gy
efujjoggl Nt=zLk vdwhy mjdkJ nraygLk Gw thirahdd $Ylk tirfF
rkkhfTk mjwF vjujpiarayYk nrYjjggll Nt=zLk

uuul ur

Fe = -Fcoulomb |[vdNt nraaggll Ntiy

$Yk ©ir xU Mwwy khwwh thir vdgjhy nraaggLk NtiyahdJd efujjggll
ghigmar rhuejuhky Nrhjsd kdJfsid njhlff kwwk ,Wj) eiyfisNa
rhuved ,UfFk. GssP ,y kdJdfs gd eiykddOjj Mwy UpvdTk Gss)
Ry mij UrvdTk 1 t€ffTk. vdy kiddOjj Mwwyid NtEWghlhdJd Gssj
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RyiUed Gss| PFF Nrhjid kdJfis efujjr nraaggbLk NtayfFr rkk
mjhtJd

AU=UP-UR=W
PuUuuur yuw
DU = F dr
uuu uuuuuuI u
> qF Fext = _Fcoloumb = _q'E

oU = §-(a'E)r = - (qE ar

\
R R

ext

XuyF kdD}jjwfhd enykddOjj Mwwy NtEWghL

(- € ).dr

0
R

ur uu
E .dr

_ _ DU DU _ [urur
,rrkdghL (1.29) g'lr rhuejjyy. ,ej ,awgay msT T—I:—(‘)E.drvng
q R
Pkwwk RfF , ilINaahd kddOjj NtWghL vdW miaoffggLfwI,NkYk , ]
Vp- VR =DV vdW FwgNghk. , 1 jg gdtUkhWk ehk tiuaWffyhk. Gss) RyUed

Gss) PfF XuyF Neu kdD}HlIIk nfhzl kdJfs xdiw vLjJd tw
Gwoiradhy nraaggLk Ntiy vdWk kddOjj NtWghL truvawffggLfwd.

Purur
Vp-Vr=Dv = j-E.dr
R

g1y kddOjj Mwwy NtWghlilg gdtUkhW vOjyhk. AU=q’AV. ,U
GssIFSTF , i1INaahd kddOjj NtWghL vdgNj gadglf$ba Xu mstlhFk.
khwh> XU Gssiffhd kddOjj kjigG vdgd mujjk ,yyhjJd. vdNt Gss) RI
Kbttyyhj njhiytlyy cssjhfTk mjd kddOjj kjgig Ro vdTk
nLThSNthk(Voo:O) vdy> xU Gssay (PkiddOjjk vdgd 6w kdGyk
(E)nrayng gFjaly Kbtyyhj njhaytiyiled mgGssFF(P)  xuyF

NeukidD}IlIlk nfh=zl kdJdfis rund jJiarNefjJdld nfh=zlLtu Gw tiar
xdwdhy nraaggLk NtiyfF rkkhFkfz=jj tbtyy , ijNa vdWk vOjyhk.

ur uwr
Ve, = -gE.dr

Kffakhd fUjIFFs

1xU Gssjay css kddOjjkhdd %ykdJfs q ttdhy cUthFk kdGyjij
KILNK rhuejJd. mkkidGyk Nrhyjad kdJfshy(q’) cuthtd mdwW. Kbtyyhj

nghaytiyiled GCss) PFF xuyF kdD}llk nfh=zl Neu kdJfis ruhd
JiarNtfjJdild nfth=zL tu Nt=zLk. Vnddy mijr nraAk Gw vttty ,aff
MwwYk msiFfggl ¥ $1hJ.
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2. kddOjjjjd myP rkdghL(129) gb [y/$Y}k (C1) vdDk mjd
eilKiw myF Nthyl (V); ,J kdfyid KjdKjyy cuUthffia myrh=INuh
NthyIh (1745-1827) vdghud euadthy #llggll myfhFk. ,U GssFSTF
, 1 INaahd kddOj j NtWghlhdJ kiddOj j mstdhy (Voltage)
FwggllggLfiwJ.

Gss) kdJfshy, cUthFk kddOjjk

MjigCssjayy emyahf ntffgglLss q kdDHI kjigé nfh=1 Neu kdJfs
xdiwfF fUJTK. Gss) P mjiyilUedr njhiyttyy cssJ

GssiPy kddOjjk
r ur - furur

ur
V =((-E)dr=-gE.dr
¥

¥

Gss) Neu kidJdfs g tidhy cUthFk kidGyk

ngha falYTFg gd>

¥

MfN® Gss) kkdJdfsidhy rnjhiytlyy VwgLk kiddOjjk

Kffia FwgGTs
i) %y kdJdfs gNeuFFw cilad vdyV>0. %y kdJdfs g vjufFw
nfh=z1J vdy V-Ak vjufFw nfh=zbUfFk.

(i) kdD}IIk ngww) nghUsfsid ,affjij tsfFgjwF Gyk vdfiw
fUjjhFFjijg gadgLjdtij tl kddOjjk myyd kddOjj Mwwy vdfiw
TfUjjhffjijg gadgLjJdtd vsjikahdJd.

(i) ngheyT mjfufFkNghd Neu kidJdfsidhy cUthFk kddOjjk FawfwJd
vdgij rkdghL %yk mwayhk. mNj rkak vju kdJfis nghUjjtaw
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nghayT mjfufFkNghd kddOjjKk mjfuffwd. Kbtyyhj njhiyty
(r=¥)giy kddOjjk Ro (V=0) MFk.

<ugGg Gyjijg nghUjjtiu cau <ug6 mOjjg GssjayiUed jJhoT <ugG
mOjjk nfh=l GssifF eiwahdd efufwd. mNjNghy> mpF ey kddOjjk
nfh=zl GssaylUed Fiwej eiy kddOjjk nfh=zl GssifFF xU Neu
kdJdfs efufwd. Mdhy> vjukdJIfNsh Fiwej ey kddOjjjjy ,Ued
mjf gy kddOjjjay ,Ued mjif ey kddOjjjjwF efufidwd. ,ej
xggLfs glkl24y fhllgglLssd.

(iv) 91,9203....n Mfia gy kdJfsfs milgfia mikggdhy xU Gssjay (P)
cUthFk kddOjjkhdd jdjjdi kdJIfsfshy VwgLk kddOjjqgfsid
$LjYFFr rkkhFk.

. 4pe, T
.qF ryrra..m Mfiait Gss) P ayiUed kdJIfsfs 1,020
nghayTFfs(glk 1.25).

1 o (

vLjIFFIL 112

-9 uC wntffggllhyy P kwWk Q

(,) Kbtiyyhj njhiytylUed Gss) QfP+2uC kjigG nfh=l1 Nrhjid kdJdfs
xdiwf nfh=zL tu nraaggl Nt=zba Ntiyiraf f=ffLF.(+9uC MjigGCssialy

egiyahf @1tffgglLssd vdwWwk +2uC kdJdfs Kbtyyhj njhiytiyjUed
GssifF efujjgglfwd vd vLjIT nfhssTk)

Jur
(m) Gss) y cUthFk kddOj jk

“10°- a0~ 1Nn-6
v, = 1 9_9710079710 —81710°
4pe, 1 10
Gss) Qy VwgLk kddOjjk
~an9- 0~ 1n-6
-1 a_910 9107 546900y
4pe, 1, 16

Q

tl Gss) Qd kddOjjk Fiwthf cssijf
fedffTk. MANE XU Neu kdJfis Gss) P y 1tjjhy md Q §t Nehff
efUk. khwhf xU vju kdJdfis GCss)P ,y itjjhy md +9 puC kdJIfis
Nehtf efUk.

Gss) P kwwk Q fF , mlayhd kddOjj NtWghL
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AV=Vp-Vq = +3.04 x10° V
(M) +9 pCkidIfSTF gjiyhf -9QuCkiddfis mtjjhy mgGssifs)yy cUthFk
kddOjjqgfs KiwNa

Vp=-8.1x103 V, Vg = -5.06x103V

,gF Gss| tl Gss) Qd kddOjjk mjifkhf cssijf
ftdffTk

Gssi PkwWk Gss) QFF , 1INaahd kddOjj NtWghL
AV =VP -VQ =-3.04x103V

(,) kddfs xdwdhy xU Gssjaly cUthFk kddOjjkhdJd XuyF kdD}H Ik
nfh=z1 Neukddfis Kbtyyhj njhiytyUed mgGssifF viLjJtw Gw

tiradhy nraaggll NtiyfFr rkkhFk. vdNt q kdD}llk nfh=z1l Jfis
Kbtiyhj njhiytiyjUed mgGssifF vLjJ tur nraaggLk NTry>

W=qV
Wq =2x106x5.06%103 J =10.12x10-3 J.

vLjIFFhiIL 113
+gkid D} 1K nfh=1 NeukdJfs MjigGssialy §tffgglLssd.

mjyiledImnjhiytyy , dndhU GCss) kdJfs:-2q 1 tffgglLssJd.
,kKkidIJfsTSTF ,1lay kddOjjk Roahf css Gss)jiaf f=zLgbffTk.

Jut

NkwnghUeJdjy Jj3Jdtjjidgbh> xU Gssjaly cUthFk nkhjj kddOjjkhdJ
Jdijjd kdJfsfshy mgGssjayy VwgLk kddOjjqfsid $SLjYTFr rkk.

nkhjj kddOjj KkjJigé RoahFk Gss) +q kdJfsylUed x njhiyty
cssjhff fUJTK (glk)

Gss) P y nkhjj kddOjjk Ro. , 1jg gdtUkhW vOjyhk.

__1 ¢ 29 4
ape, ox  (9-x);

=0

vdN©Xx=3m

kd ,UKidahy xU Gssjaly, VwgLk e iy kddOjjk
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glk 126 ,y ThlbAssthW 2a vdw rwa ,ilntsay guffgglLss ,U
rkkhd> Ntwd kdJfsfist TUINthk. kd ,UKidad elLgGCssiyiUed r
nghiytty P vdw Gss cssJ. AB vdw ,UKid mrRfFk OP vdw
NfhlbwFk , 1INTss Nfh=zk g vdf.

+q tyUed Gss) P d njhayT rn vdTk -g ttyed Gss) P d njhiyT n
vdTk nfhst.

+q kdJfsidhy Gss) Py cUthFk
_ 1 q

- kdIJfsidhy Gss)Py cUthFk
kddOjjk =—— 9%
4peo r,
GssiPy cUthFk nkhjj kddOjjk
1 é111U

_—q -
4peo gr rzﬂ

kd ,UKidayUed ntF njhiytlyy Gss) P ,Uggd.a<<r. vdNt rkdghLk
(1.35) Ird rhugyy vOjyhk.
BOPKTfNfh=zjjiy nfhird tjjiag gadglLjj.

r’ =r’+a’-2racos q
¢ a’ 2a U
7 =17 gl = - —cosqy
oo g

Gss) P kd ,UKidayUed ntF njhiytlyy cssjhy a<<r. ,jdhy

kjigG kprk rwvad. vdNt mijg GwFf=zfFfyhk. MTND
= 26 _ 261cosqu

" r

(myyJd) r, -rgl—écosq

U
i
—lgl—ﬁcosq

u

r rf r f

%D IMjyhy<UWgG)] Njwwjijg gadglLjj) cau mLFFFisg Gwif=z)jJd
vO jidhy»

1.1y, acoqu

r rg

,NJNghy AOP KfNfh=zjjwF nfthird t)jjiag gadglLjp
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r2, =r2+a2 -2ra cos (180- q)
cos (180-g) = -cos g. Mjyhy
r2;=r2+ a2+2racos q

2

a
z g GwFF=ff

6 2ac0sq )
2 =r251+ ,
- ro
1
6 2ac0sq (2
r2=ril+ 7
g ro
<UWgGj Njwwj i jg gadgLj jidhy>
i le cosqu
r? rS i
rkdghL (1.35) kwWk (1.36) Mfiatwiw rkdghL (1.35)y gqujiail

V = q aelae1+ cosq
4peo rg

0
_1+acosqo 13891_ cosqol
r

aelae cos cosg §0
~q Cl +a qo

4peo rg r gg

kd ,UKidad juUgGjywd P=2ga.vdND

1 #Pcosgd

rzg

P cosg= P.?vd vOjyhk. ,gF $vdg JGss) O tylUed Gss) P 1 Nehff

css XuyF ntflunFk. vdN® kd ,UKidahy xU Gssjay cUthFk
kpddOJJk
1 P

Vz—— (r>>a) (1.38)
4peo r?

kd ,UKidad msit xggLkNghd kf mjifkhfTss njhayTFSTF rkdghL
(1.38) nghUeJk. Gss) ,UKEdfF vejj njhiytwFk rkdghL (1.38) nghUeJk.

rwgG NeuTfs
NeuT (i) ,UKidad mrRfNfhlby +gq kdJdfs css gffjjly Gss) P
,Uejhy ¢g=0°mgNghd kiddOjjk

NeuT (ii) ,UKidad mrRfNfhlby -q kdJfs css gffjjly Gss) P
,Uejhy ¢ =180°.vdNt

72| P age APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187




NeuT (iii) ,UKidad eLtiaufNfhlby Gss)P ,Uejhy g =90°.vdNt
V=0

Kfha fUjJIfs

. 1
() kd ,UKidad kddOjjk 7 vdwehw Fiwfidwd; mNj rkak Gss

kidJfsid kddOjjk %vdwthW Fiwfidwd. vdNt xU Gss; kdJdfistl kd

,UK1dad Vnddwhy kd ,UKidad kddOj jk NEFKhFF
Fawhdwd.Vnddwhy kd ,UKidayUed njhaiyT mjfufFk Nghd Neu kwwk
vju kdJfsfsid Nghd Neu kwWk vju kidIdfsfsid tasTfs xdiwnahdw
rkdnrad nthsfidwd.

(i) Gss kdJdfs xdwd kddOjjk njhayT rlg nghUjJd KkILk
CSSlkahy>V MdJ Nfhsr rkrru jdik nfthssJ Mdhy kd ,UKidad

kddOjjk P kwWk Gssjad ey ntflu r MfiatwWTF 1lggll
NFh=zjmojr rhued ,Uggjhy kd ,UKidad kddOjjwIF NFhsr rkrru
jdik ,ymny. , Ugngk> ,UKidad kddOjjkhdd mjd mrirg nghUjJd

rkrru jdikAld cssJ. Nfhzjij (q) khwwhky> P ntfliug nghUjJd ey
ntflu riIr Rowwr nrajhy HilfFk $kgYss midjJ GssiFSk xNu

nghiytty miktjhy xNu kddOjjk cilad (ghk 127). ,ggljjy eyew
tisNfhlby css midjJd GssfSk XNu kddOjjk cilad.

rk kddOjjg gugG

cwntsjay xU Gssjay m1tffgglLss Gss) kdJdfs qit mkakhff nfth=l1
rMuKila fwgidf Nfhsjijf TUINEhk (m) ,F Nfhsjjid guggyYss
midjJd GssifSk xNu kddOjjk ngwUFFk. ,jjifa guggridNa rk
kddOjjg gugG vdfiNwhk.

XU Gss) kdJdfswk rk kddOjjg gugGfshf Xu mka Nfhsg gugGfs
cssijg gljjy (128 (M)) fh=zyhk xtnthU Nfhsg gugGk xU rk kiddOjjg
gugNg vdwhYk xtnthdwd kddOjjg gugNg vdwhYk xtnthdwd kddOjj
kjigGk nttNtW MFk.

vdgij czujJdfwd. ,ej Ntiy kddOjj NtWghlbwFr rkkhFk. vdN©

dwW =dV.
dW = -Edx
dV

Tdx
, Jiylued kdGykhdd vjufFFwaulggll kddOjjr ruTfF rkk vdwhfwd.
NkNy css rkdghL (143) x- $WFF kILk nghUedk. kidGykhdd %dwW
SWFSTFk nghdthf gdtUkhW vO jggLfwd.

E aﬂV$ ﬂvﬁo
EX Tz g

Gss) kidJdfs jushy cUthFk ery kddOjj Mwwy
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g! Gss) kdJdfsyyUed r njhiyttiYss xU Gssiay kddOjjk MFk.
,ONghd g2 kdJdfis Kbtiyhj njhaytylUed glfF r njhiytly css
GssifF vLjJdtur nraaggLk NtiyahdJ mgGssiay kiddOjjk kwwk g2 ,d
ngUffwgyDfFr rkkhFk. vdN©

W=qV

,ej nraaggll Ntiyahdd r , il ntsay mikedss q: kwk g kdJdfs
mikggd eiykddOjj Mwwy UMT NrkffggLfwd. MTNt

_ _ 1 g0

U= 4pe, r
,U kdIfstSTF ,inlggll njhiyst ,ej egiy kddOjj MwwyhdJd
rhuedssd. qt enyahfTk g2 1t Kbtiyhj njhiytiyjUed efujj tugphf
,uejhvke myyd g kwWwk g2 ,uzilANk Kbtiyhj njhaytiyiUed efujji
tugghft ,UejhYk myyJd glkwWk g2 ,uzilANK Kbtiyhj njhiytiyiUed r
, 1Intsjay 1tggjhf ,UejhYk rkdghL nghUeJdk.

%dW kidJfsfs gdtUkhWss emyainkggy mtffgglLssd (ghk 1.30)

i) gq kdIFfSTF mUfly NEW vej kdJIfsTfSk njhiffjjly ,yyhjjhy
Kbtyyhj njhiytiylUed mij Gss) A tiu nfh=zL tu vej NtiyAk nraaj
Njatayiy.

(i) g2 kdgGila ,uzlhtd kdJfis Gss) BFfF nfhzL tu g1 cUthfha
kdGyjywF vjuhf Ntiy nraaggl NtezL g d kJ

nraaggL,k NtiyW =g Bi.,qF Vi vdgd Kjy kdJdfs qMy Gss) By
VwgLk ey kddOjjk

U - l ql q2
4,090 r12

g: 1t Kjyyy nfhzL ted gddu g If nfhzL tejhYk ,Nj rkdghNi
HialfFk vdgi jf fed FfTk

(ifi)  ,NjNghy> %dwhtd kdJfs @l GCss) CFF nfhzL tu g2 kwWk Qs
kidJdfsfs Nrued cUthfFk nkhjj kdGyjgwF vjuhf Ntmy nraaggl
Nt=zLk vdNt. g; kkdJFfis efujjitur nraaggLk Ntiy =qz(Vic + Vo). ,gF
Vic vdgd Kjy kidJdfs g1 My Gss) Cy VwgLk ey kddOjjk kwWk V¢
vdgd VwgLk eiy kdJdfs g y VwgLk eiy kddOjjk MFk. ey
kddOjj Mwwy

U=t aéqlq3+q2q3§
4peoe r13 r23 /]
(iv) rkdghLfs (146) kwwk (147) IF¥ $I1DPqg1,00 kwwWk g3 , twwhyhd kdJfs
m i kggdhy cUthffggLk nkhjj eniy kddOjj Mwwy.
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u=_1t aéqlqz + 4% | 00
4:090 e hy s I3 ﬂ

NrkiffggLk eiy kddOjj Mwwy U MdJ mk%dW kdJfsFisAk
Fwggllggll Gssifslyy eiyeWjjr nraagglk NtiyfFr rkkhFk vdgijf
TedffTk. mkkdJfsfis vej vdgijf TedffTk mkkdJdfsfis vej
tuiray vLjJd tejhYk ,Nj rkdghNl HimljjUFFk

$YIk gir Xu Mwwy khwwh tirahjyhy kdJfsfsid eiyaikgig
T111kFfFkNghJd cUthFk egiy kddOjj MwwyhdJ mttikgugf
fllikfFk toKswrar rhued ,uhd.

rund kdGyjjiy css ,UKidad iy kddOjj Mwwy

u
glk 131 y nfhiLjIssthW ruhd kpdek(E) xdwy itffgglLss kd
,UKidiaf fUJINthk. ruhd kdGyjjiy itffggLlk ,UKidad kJ xU
JiUgGtiar nrayglLk. ,jjuUgéG tirahdd kdGyjjd jiiray ,UKidia
xUgf i kwffdwd.

kdGyjghy nrYjjoggLk ,jjiugG tarfF vjuhf nghlfFF Nfh=zk ¢ ,ylUed
,WJi NFh=k gtiu (khwhj NfFh=j pirNtfjJdld) ,UKidia Royr nraa
kidGyjjhy nfhLffggLk jJUgGtarfF rkkhdJdk vjujpiray cssJkhd
Gwj JiUgGtiar xdiw ,UKidad kJ nraygLjj Nt=Lk

gNfh=zjgiyilued g Nfhz=zk tiu (khwhj NFh=zj JierNefjJid)
,UKidia Royr nraa GwjjugG tiirahy nraaggLk Ntiy

q

W= ¢, dg
.

raYk i-extCSthy>

te =P"EfF rkkhfTk vjhij

1 p u
tex|= P E

q

W = OpE sin gdg

W = pE (cosO' — coso)
,eJ Ntiyahdd Nfh=z egiyfs o0kwWwk 0 fF , 1INaAss kddOjj Mwwy
NtwghlLFFr rkkhFk.
U(0) - U(0") = AU = -pE cosb + pE cosd’
nghlfFF Nfhzk  vdwk , i JNa RILgGssjahfTk  (reference point)
vLjIfnth=lhy

U(@®)=pEcos90°=0
vdNt ruhd kdGyjjry mtffgglLss ,UKid mikgé xdwy NrkffgglLk
kddOjj Mwwy v

U=-pEcosO= p.E
p kwk E 1j jtuw kddOjj Mwwyhdd 6w kdGyjijg nghWjj kd
,UKidad jJiaramkgigAk rhhejjUfFk. Gw kdGyjJfF vjhi=zaht
(@=p) ,UKidj JuUgGjjwd mikAkNghd kddOjj Mwwy ngUkkhfTk
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GwkidGyjJIfF , 1zahf (6=0°) ,UKEdj JiUgGjjwd mikAk Nghd kiddOjj
Mwwy rWkkhfTk , UFFk.

vLjIFFhilL:

eh %yfeW xdwd kd ,UKidj JuUgGjywd 6.3 x 103 cm. 102eh
%yfteWrist nfh=l khjh (sample) xdwYss midjJd ,UKid]j
JUgG) gwd TSk vz=zkjigé 3 x 105 NCinfh=l1 Gw kidGyjJdld xUqgfikedssd.
midjJ eh %yfEWFisAk 6=0°yiUed 90°FF Royr nraa NjitggLk Ntiy
vettsT?

JhT:

midjJ eh %yfEWFSk kdGyjjid jiiray mikedssjhyy mit rWwk
kddOjj Mwwiyg ngwwUFFk. 6 = 0°yUed 90° tiu ,UKidmra Roww
nraaggLk Ntiyahdd ,ttU eunyaikgcfSTF , 1lNaahd kddOjj Mwwy
NEWghILFFr rkkhFk.
W = AU = U (90°) — U(0°)
rkdghL ,yiUeJ>U = - pE cosbvd vOjyhk. gwF xU eh %yfHiw =0 = 0°Kjy
90° tiu Roww nraaggLk Ntaymaf f=fhlyhk
W = -p E c0s90° + pE cos0° = pE
XU eh %y FBWFF
W =6.3 x 10-30x 3 x 105=18.9 x 1025 ]
1022eh %y FIWFSTP nraaggLk nkhjj Nty
Witot = 18.9 x 10-%x 1022 = 18.9 x 103
i1, ©jiAk mjd gadghLfSk:

kidghak (Electric Flux):

kdGyf NFhLFSTFF FWINF mikej Fwggll gugé xdwd toNa ghAk
kdGyf NfhLfsd vzzifif kdghak vdggLk. ,®j) F.vdw TfNuff
vOj jidhy FwgNghk. NkYk ,jJd myF N m? Cl kidghak xU JNfyh msT
MFk. NkYk ,J3 NehfFw myyJd vyhfFw kjigagg ngwwW ,UTFFk. kidghak
vdwhy vdd vdgij vsijjiy Ghed nfthss gadglLk.

,99ljjJiy Gss) kdJfs xdwd kdGyk ThllgglLssd. A kwk B Mfa
gFjJifsly GyjjwF nrqFjjhf mikedss ,U rwa nrttf - tbtg
gugGFast TUINthk. ,ttiU gugGFSk xNu guggsitf nfh=zbUejhYk gFj) A
ty css nrtefjijf fIfFk kdGyf NfhLfsd vzzifif gFjp B ,y
css nrtefjijft fITFk kdGyf NfhLfis t©l mypfkhf cssJ. njhayT
mjFhfFFk Nghd Gss) kidJfs xdwd kdGy tyiik Fiwti jgNghy njhiyT
mjFhfFFkNghd mjd kdghaKk Fiwfidwd. ,Jtiu ehk ghhjj FUjIFs
kidghajijg gwa xU g=zGrhh v=zz=jij (Qualitative idea) cUthfFf cjTk.
vdDk kdghajjid Jyyakhd tiuamw NjitggLfwd.

rund kdGyjjid kdghak:
cwntsiay xU gFpay eyTk ruhd kdGyjujf FUINthk. nfhLjIssgb

kidGyf NFhLFSTFF nrgFjjhf css gugé A 1t vLjJJIT nfhsNthk ,ej
NehTFfF kidghak

F.=EA

rund ,kkdGyjywF ,1=zahf gugé A 1t §tjjhy’ mgguggd csNs ghAk
kidGyf NfhLfs RoahFk ,ej Nehtyy kidghak.

Fe=0
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gugGld 6 Nfh=zjij kdGyk cUthfFkNghd guggwF nrgFjjhd jimray
css kdGyf$W KkILNk kdghajij msFfwd. guggwF , 1zahfTss
kdGyf$SW kidghajij msiggjiyiy. ,ej Nehtyy kidghak

F. =(E cosqg)A
,gF kdGyjjd jinrfFk guggwF tiruaggLk nrgFjJf Nfhlbd jiarfFk
, 1INaAss Nfhz=zNk 6. vdNt> nghdthd tiuvaiwah® rund kdGyjjd
kidghak gpdtUkhMVut 1uawffggLfwd.

F: = E.A = EAcosq
»gF t,JAzAﬁvdgijf fedffTk. ,jd vzkjgé A kwwk ,jd guggwF
nrgFjJ jiiratyss XuyF ntflh f. ,ej tivaiwad gbF,=EANKYK
kwwk Mfia rkdghLfis ,jd ':EWQG NehTfshf ngw KbAkK.
(m) ©y’g=0°.vdNt F.=E.A=EA
(M) try>g=90°. vdNt F.=E.A=0

vLjITFhlL:

100 N CikjigGula ruhd kdGyk eyTk gFpayy mtffgglLss 5cm kwWk 10
cm gfFfgfs nfh=zl nreefjnjf FITFk kdghajijf f=FfALT. nfhLffggll
Nfh=zk 6=60°. xUNtis 6Ro vdy> kidgak vdd?

JhT:

kpdghgl&

F.=E.A=EAcosq=100"5710"10"" cos60°

P F.=0.25Nm*C™

g =0°vdy

F.=E.A=EA=100"5710"10" = 0.5Nm’C"

ruw kidGyk kwWk VNJDk xU tbtKss guggwF kidghak

ruvww kidGyk kwwk jlalahf ,yyhj tis gugG A mhatwiwf FUINthk
,Jd nkhjj guggsitAk DA, DA:,DAs DA-Mfia n kifrrwa gugGF

$WFshfg ghjNjhk vdwhy xtnthU gugGF $SiwAk Flljjil jlilahf
cssjhfTk xtnthU gugGF $wd toahff FITFk kdGyKk ruhf cssjhfTk
fUjyhk

nkhjj guggsT A fFkhd kidghajmjj Njuhakh® vO jidhy
F.=Ei.DA+E2DA:+Es.DA;s,
U ou

(madjJ i kjgcFSTFK) D?%@Ovdw vyiyia itjNjhk vdwhy rkdghL ,y

css $lLjnjhi fahdJd njhifalyhf khwk. ,gNghd> KO guggwFkhd nkhj j
kidghak.

F. =[jEJA
rkdghL yjUed xU Fwggll guggwfhd kdghakhdd mjd Gwgguggd toNa
nryYk kdGyjijAk kdGyjijg nghUjJ guggd jiaramkgigAk rhhejiUTFk
vdgJd njsrthfwd.

%ba gug6FSTF kidghak:
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nrdw ghtiy> VNJDk xU tbtKss tisguggwFha kdghajijg gww
mweNjhk. nfhLjJdssthW ruww kdGyk ccss gFjlay xU %ba gugG
cssjhff FUINthk. , k%ba g‘ug%pwfhd kidghak

Fe=[gEdA
rkdghL kwWk rkdghL , ilaayhd Ntewghlalf FfedFfTk rkdghL vy
gadgLjjgglLss njhifalyhdd xU %lIggll myyJd %ba gugGj
njhifalyhFk NkYk mjjYss xtnthU gugGf $WFFk tiruagglLk

ntsiNehffia nrqFjJJT Nfhlh dAd JiirahFk

xU %ba guggd nkhjj kdghakhdJd NehfFwp vjhfFw myyJd Ro kjigigg
ngwwUTFK.

xU gugGF$HW duAkpdek EAId cUthfFk Nfh=k 1 ulf Fiwthf cssjhy
mjd kdghak NehfFw kjigé cilajhfTk ,dndhU gugGf$Ww dAkdGyjJdld

cUthfFk Nfh=zk 90° 1 t©l mjyfkhf cssjhy mjd kdghak vjhfFw
kjigGalajhfTk cssd.

nghdth® %ba guggDs kdGyf NfhLfs Enmoejhy kdghak vjhfFw vdTk
%ba gugig tilL mit ntsiNawdhy kdghak NehfFw) vdTk nfhssyhk.

fh] b (Gauss law):
Q kdD}Il KkjgGilanthU Gss) kdJdfisr Rww r Muk nfh=zl fwgidf

Nfhsk (imaginary sphere) xdW fhllgglLssd. mjd %ba guggd toNa
ntsiNehfha piaray FIfFk nkhjj kdghajpad rkdghL %yk ehk
f=zfhHlyhk

Fe :[@]E.dl;%: [)JEdAcosg
,06ss] Neh kdJdfsid kdGykhdJd Nfhsg guggd xtntnU GCssjaYk Mu
toNa ntsiNehffia piairay mikfidwd. vdN© gugGFSW dAMdJI kdGyj jid
JimraNyNa cssjhy ¢g=0°

Fe =[gEdAVnddyy cos0°=1

Nfhsjjid guggy E ruhf cssjhy
Fe =E[gJdA

(dA=4pr* kwWk E :4/016 %rkdghL y guyab
0

eO
rkdghL fh] tjy vdggLk. ,ejJ Kbtid Fwggljjff g=G vddntdwhy
kdJdfis %bAss gqugG vjjifa tbtk nfh=zbUejhYk mjwF rkdghL

nghUeJk. Si, SSkwWk Ss MFia %dW %ba gugGFSTFk nkhjj kidghak xdNw
vdgi j FediffTk.

VNJDk xU tbtKss (Arbitrary) %ba guggdhy Q kdD}lIlk nfh=zl xU
kidJdfs #ogglbUggd mk%bagguggwfhd nkhjj kidghakhdJd
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U w
Fe= [O]E.dA:—Q:S

0

.INE fh] tjad $wW. ,qF Q..vdgd %ba guggwF csNs mikeJdss
kdJfsfsid nkhjj kdD}IkhFk.

] ©jp - xU FyejhaT:

1. #oeJdss guggadf FTITfFk nkhjj kdghakhdd mgguggdhy #ogglLss
kdJfsftis KkILNk rhhejlUFFk. khwh®> mggugGFF ntsiNa mikeJdss
kdJfsfs kdghajijf nfhLffhd. NkYk kdJfsfis #OK gugig

vejnthU tbtjjiYk (Arbitrary) enhk njhT nrad nfthssyhk.

nkhjj kdgha kjogghdd #Ok guggwFsNs mikedss kdJfsfsid
maktljnj (location) rhhe UFFhI.

rkdghL ngWtjwF ehk Nfhsfg gqugigg gadgLjji csNshk. ,ej
fwgidg guggadNa fh iad guggadNa fh iad gugG (Gaussian Surface)
vdgh. kdJfs emyainkggd taf (Type of charge configuration) kwWk
kidJdfs einyankggd rkrrh jdik (symmetry in configuration) Mfiait
rhheNj ehk njhT nraAk fhjiad guggd tbtk ,Uff Nt=Lk xU
Gss) kdJdfsid kidGykhdJ Nfhsfr rkrrh jdik nfh=zlLssjhy NfhsT
tbhtf fThiad gugigfF njhT nraNjhk. gw tifggll kdJfs
eiyailkgcfFSTF cUirs tbt kwWwk rkjs tbt fhliad gugcfFisj
NjhenjLffyhk.

rkdghL ,d ,1J3i1f gffjjiy nfhLffgglLss kdGyk EMdJ Th ]ijad

guggwF csNsAK ntsiNaAk mikeJdss kidJfsTshy
cUthFkkidGy i jf Fwggjhf ,UejhYk Ffhiad guggwF cCcsNs

mikeJss kdJfsfsid nkhjj kdDHI kjigig kILNk Q__ FwFRdwdJ.

. vejnthU jdijj kdJIfsid CIhfTk fhad gugé fled nryyhd.

Mdhy kdJfs njhlh gutyfsid (continuous charge distribution) CNI mJ
fled nryYk Vnddy jdjj kdIfstSTF kf mUfly kdGyjij
Jyyiakhft truvaWff ,ayhd.

$Yik tHpad ,dndhU tbtNk Fh] tj. NkYk ,affjjiyss
kdJdfsfSTFk fh] tjjiag gadglLjjyhk. ,jdhy jhd $Ylk tjiia
©l nghdthd tjahft '] tjp ghhFFggLfiwd.

thl tjjad gadghLfs:

UVNJDKk xU tbtKss kdJdfs njhFjifSTF kdGyjijf f=FRl BYIK tj)
myyJd Th] tjiiag gadgLjjyhk. kdJIfs mikgG VNJDnkhU rkrrh
jdikiag ngwUejhy kdGyjijf f=fhRl fh] tjNa kfrrwej toahFk.
gdtUk NehTfsyy , 1jf fhzyhk

1. kdD}l Ik ngw Kbtiyyh esk cila fkgadhy VwgLk kidGyk

AN vDk rund kdD}IlI es mlhjgi nfh=zl Kbtiyh esKila fkgiaf
TUJINthk. fkgaryiUed rnrqFjJj njhiyty Gss) PcssJd. Th] tjinag
gadgLjji P ,y cUthFk kdGyjijf F=Ffflyhk

Gss) P ,yiUed rk njhiyty fkgay mikedss ,U rnmwa kdJdfs
$WFfis vLjIfnfhsNthk ,ttU kdJfs $Wfsidhy cUthFk njhFgad
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kidGykhdd kdD}I1k ngww FfkgayilUed Mu toNa ntsiNehffia jinray
mikfhdwd. NkYkr MuKrla tlljjd midjJdg GssfsiYk mjd
vzkjigéG rkkhf ,UfFk. ,J tiy fhllgglLssJd. ,ejg g=zgd mbggi lay
kdD}IIk ngmw fkg cUis tbt rkrrh jdik cilad vdyhk vdNt r
MuKk LesKk nfhzl cUis tbt fh]iad gugaigf FUJINthk.

» gguggw¥hd nkhjju degha' 1jJ gdtUkhw f=zfhlyhk.
Fe =[EdA

= ( EdA+ j EdA+ j EdA
bt algt oot

T 1sgguggy EMdJ A fF , 1zahf cssjhy LI'E.dt,‘A:EdA.
NKy kwWk mbggugfFSFF EMdJ AtwF nrgFjjhf cssjhy EdA=0

-KkjigGfis rkdghL gupiavlL fh] tHjjia cUis tbt guggwFg
gadgL jjidhy

F.= 0 EdA:—QCS
tiGs 6,0
gqug
nkhjj tis gugigg nghUjjtiu kdGyjjd vz= Kjigé khwyahf
cssjhyE MdJd njhifaly FwalLfF ntsiNa vLffggLfwJd. NkYk
Qce = ILvdg gujial>
E= § da=tt
tis 6'0
gugG
,QF F.= (§ dA=tisguggd nkhjj
tis
gugG

, 1§ rkdghL gujiasb E.2prL:£
e

E:Li
2pe, r
ur
ntfih tboyE=—— 1§
2pe, r

E.2prL :i
e

0

Gss) kidJdfs xdwd kdGyk izvdwthW ,Uggij mwNthk khwhf
r

kdD}Ilk ngw Kbtiyh esKila fkgad kdGyk lvdwthW
r
mikeJdssJ.

TkgfF nrgFjjhd jJisraNyNa ('r)kpdek vgNghdk miukeJdssJ
vdgrj rkdghh %yk mwa Kbfwd. NkYk A > 0 vdy TkgfF
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nrqFjjhf ntsNehffia jiiray E,UFFK A <0 vdy csNehffia
Jinray (-r)nrgFjjhft E ,UfFk.

Kbtyyh esKss kdD}IIk ngw TfkgfF KkILNk rkdghL nghUeJdk.
tukgwFIgll esKss kdD}Ik ngw fkgiiag nghUjjtiu kdGykhdJ
midjJ GssifsiYk Mujjiiraay miktjysy. ,UggDk mjjifa
fkgad 1 kagGssifF mUfhYk  fkgad KldfspypUeJ ntF
njhiytiYss GssifSTFk rkdghL gadgLjjyhk.

1. kdD}IIk ngw Kbtiyh rkjsj jlbdhy cUthFk kidGyk

c vDk ruhd kdD}llg gugglhjj) nfth=l Kbtiyh rkjsjjlL xdawf
TUINthk. mjjlbyiUed r njhiytlyy Pvdw Gss) cssJ.

rkjsjjid msT KbtiyhjJ vdgjhy> mjiyiUed rk njhiyty css midjJd
GssifsiYk kdGyjjgid kjigG rkkhf ,UfFk. midjJ GssifsiYk kdGyjjid
Jiir Mu toNa mikejilUfFk. 2r esKkk A FWFfFntlLg gugé nfh=l cUirs
tbht fhjiad gugagf FUJINthk; mjd elLggFj) toahft Kbtiyh rkjsjjlL
flggjhff nfhsNthk ,ETUIs tbt gugGCFF fh] tjimag gadglLj jidhy

OEdA

Lr T T T N i)
(‘) dA+0EdA+ EdA=—=cs
b . e

tis o}
gugG

tisguggd NkYss midjJd Gssifs)Yk kdGykhdd guggsTF SWFSTF
nrqFjjhfTk P kwWk P'gugGfsyy mJd , izahfTk ,Uffwd.

—OEdA+OEdA-Q°S
€,

touU gungSka kpdeJde vz KkjJigéG ruhf cssjhy njhifaly
praILfF ntsiNa E vLffggLfiwd. NkYk Q.. =sAvdNt
PmyyJd P'guggd nkhjj guggsT

(‘)dA:A

2EA—S—Amny E=>
e 2e

[0} 0

r
ntflh thty E :Ziﬁ
e

0

el = ﬁvng rkjsjgwF nrgFjjht ntgNehffia jJiirayYss XuyF
ntflunFk. kdD}IlIk ngw Kbtiyh rkjsjjlbdhy cUthFk kdGykhdJd
kdD}l gugglhjjimaj rhhedk mNjrkak njhaiystr rhuhkYk rhuhkYk
, UFfidwd.

kdD}Ilk ngwwj jlbyUed Tz=zjrkhd njhiytiYss vejnthU GssaYk
kdGyk rkkhf ,UfFk. o>0vdy vejnthU GssjaYk (P) kdGykhdd (jlibd)

JsjiiwF nrgFjjh ntsiNehffla JiiraYk (ﬁ), o< 0 vdy kdGykhdJd
JsiywF nrgFjjht kdD}IlIk ngwj jJlbyiUed csNehffla JimraYk
(-A) , UFFK vdgij %yk mwayhk.

81| P age APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187




tukgwFIgll guggsitf nfh=zl kdD}HlIk ngw rkjsj
jlbd elLggFpay rkdghL XusT nghUedk. NkYk mjd Krdfs)
ntFnjhiytYss GssifSTFk , rrkdghL nghUeJk.

kdD} 1k ngww ,U , i=zahd Kbtyyh jlLfs)dhy cUthFk kidGyk

+ ckwWk - ovdfiw kdD}llg gugglhjjy nfh=1 ,U Kbtiyh kidD}Ilk ngww
rkjs jJlLfist TUJINthk. .,y Ffhlbagh mit xdwWfnfhdw ,m=zahf
cssd.

JILFSTF , 1INaAk JILFSTF ntsaYk cUthFk kdGyjij th] tjimag
gadgLjj) f=zLgbffyhk. kdD}Ilk ngww Kbtiyh rkjsj jlbd kidGy KkjigG

2iNkYk o> 0 vdiy mJ nrgFjjhf ntsNehffa jiiraYk o< 0 vdy mJ
e

0

(nrqFjjhf) csNehfha jinrayYk ,UfFk

PkwWk PsMfla Gssifsyy ,U jJlLfsidhy VwgLk kdGyqfsid vz= Kkjigé

rkkhfTk vjnugih jisr cilajhfTk cssd. vdNt JILFSTF ntsNa css

Gssifslyy kdGyk RoahFk. Mdhy JILFSTF ,i1lINa css Gssifsy (P1)

mtwwd kidGyqfs xXNu jiiray. mjhtd tyJd jiar Nehffh makejhy

s s s _s
+ + =

2e, 2e, 2e, e

JILFSTF ,i1lNa kdGykhdd Neh kdDHIk ngwwj Jlbyled vjh
kdD}IlIk ngwwj jlal Nehffia piairayWUfFk NkYk JILFSTF ,ilay
css midjJdg Gssifs)Yk kdGyk runf ,UFFk.

cs —

kdD}Ilk ngww cssliww Nfhsjjidhy cUthFk kdGyk

R MuKk Q kidD}IIKk nfh=zDP ruhd kdJfs guty ngw csslww Nfhsk
xdiwf TUINthk fh] tjmag gadgLJJp NfhsjjwF ntsiNaAk csNsAk
Ccss Gssifsyy kdGyjijf f=Thlyhk

NehT (m) NFhsjjwF ntsjay css Gssiay (r>R)Nfhsjjid skajjiyiled r
nghaytyy Nfhsjjid ntsiNa css Gss) 1T fUINthk. kdJfsfs Nfhsjjid
Gwgguggly ruhfg guttAssd (NFhsfr rkrrh Jjdik) MTNt Q > 0 vdy kdGyk
Mu toNa ntsiNehffla jJiiraYk Q<0vdy Mu toNa csNehfha jimravYk
,UFFwJ. r Muk nfh=zl Nfhs tbt fhiad guggidf FUINthk. ,gguggdhy
#oggLk kdJfsfsid nkhjj kdD}Ik Q vdf. fh'] tjimag gadglLjj

fhiiad guggd midjJ GssifsYk kdGyKk (lI‘E)guggsTfSBWk (dLA)xNu

Jinray (ntsiNehffia piiray> nrgFjjhf) mikfdwd. kdJdfs enyainkggd
Nfhsfr rkrrh jdikahy fhiadguggy c<css midjJd Gssifsiyk d
vzkjigGk rkkhfNt ,UfFFk.

vdNt E [j dAg

fh]iad eO

gugG

Mdhy (‘)dAfh] iad guggd nkhjj guggsT = 4pr®, §j rkdghL gujal
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ntflh thty

Q- 0vdy kdGykhdd Mu toNa ntsiNehffla jimrayYkQ <0 vdy MutoNa
csNehffia jinraYk mikAk NfhisjjwF ntsNa css GssifFisg nghUjj
tiv csslw Nfhsjjid 1kajjiy Q kdD}llk nfh=zl xU Gss) kdJdfis
itjjhy vtthW kdGyk miakANkh mtthW Nfhsjjid kidGykhdd miakfwd.
(<hggayry ,Nj NghdwnjhU Kbi®©M eiaw nfh=zl csslw Nfhsjjidhy
VwgLk <hgg thairmaj JUtGFFKk Nghd ngwij endtyy nfhssTk)
NehT (M): Nfhsjjid Gwgguggy css Gssiay (r=R)
NFfhsTf $lbd Gwgguggy css GssIFSTF (r=R) kdGykhdJd.
Lo

4pe R
NehT (,). NFhsjjwF csNsAss Gssjay (r<R)
NFhsTfjjid mkajjiyiled r njhiytyy NfhisjjwF CcsNsAss Gss) P IF
FUINthk. r Muk nfh=1 Nfhs tbt fh]iad gugé xdaw tEuNthk.

§ EdA=2

fhlad 6'0

gugG

E.4,0r2=g
,ejJ fhi]iad gugGFFsNs vej xU kidJdfSk ,yyhjjhy Q =0 vdNt rkdghL
gb

E=0 (r<R)
Nkwguggd kJ kdJdfsfs ruhf gutg ngw csslww Nfhsjjid csNs
mikedss midjJd GCssifSTFk kdGyk RoNa. MujnjhayTFfFk (radial

distance) kidJfsfs ruhd guty ngw csslww Nfhsjjd kdGyjjwFk
, 1 INaahd fhllgglLssJd.

FwgglInthU kdJfs einyarkgghdd NfhisP cUis myyJd rkjs rkrrh
jdiak nfhzbUfFk Nghd mjjifa kdJfs mikgGfsid kdGyjuij vsijiy
fzlwa th] tp xU rwej toKaswahFk. mjjifa rkrrh jdaik mikahj
eiyay Neubahd toKiwiaNa (BY}k tjAk EzFfz)JKk) gdgw Nt=Lk.
vLjJdfflihe kd ,UKidad kdGyjijf f=zlwa Fh] tjiag
gadgLjJtJd fbdk. VvVnddyr mjwF NkNy Fwggll vejnthU rkrrh jdikAk
fimlahd.

Fljjifs kwwk kdfhgGfsid giy kddiay g=zGfs:
giykd rkejiyay fljjifs:

xU kdfljjig nghUsy TFlHlww Rjejukhf ,agFk kdJfsfs Vuhskhd
vzzififay cssd. xU cNyhff fljjiay css ,aqFk kdJdfsfs TlLwh
vyTluhdfNs MFk. ve] mZNthLk mit Tllgglyyiy. vdNt Tljjad
guggy mtwwhy vsighf mgFk ,qgFk nryy Kbfidwd. Gw kdGyk
msiFfgglhy Nghd> xOqgfiyyhky midjJ JiarfsiYk njhlhed mit
,affjjiy ,Uffidwd. ,jd tisthP vejnthU Fwggll jiaria NehfFRAK

83| P age APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187




vyfluihdfsid efu ,affk ,yyhjjhy mffljj eiykd rkenyay
,UfFhdwd. vdNt eiaykd rkemyayYss fTljjay vttj efu kdNdhl Kk
(net current) ,Uggjiyiy. ,rrkeiyayYss xU FljjfF gdtUk gz=zGfs
cssd.

1.

2.

3.

fljyjad clGwjjiviufFk midjJ GssifsiYk kdGyk RoahFk.
,TPW jJizkFf Fljj kwwk csslw $L tiffF Fljj ,u=zbwF
nghUeJKk.

»,J Matid mbggilayy ehk f=zlwej c=zik xU Ntis Tljjad
clGwj iy kdGyk Roayy vdwhy mgNfAss fTlLwh vyfluhdfs kJ
gir nraygl NtzlLk myyth? ,jd tisth® mit (FILwh
vyTluhdfs myyJd ,aqgF kdJdfsts) xU Fwggll jiarma Nehfh) efu
,affjijg ngwk. ,J eiykd rkeiyayYss fTljjfsid jdikfF
khwhdnjhU emyahFk. vdN© Ffljjiaad clGwjjiy midjJd GssifsiYk
kdGyk RoahfNt ,Uff Nt=zLk ruhd Gw kdGyjij TFTljjad kJ
nraygLjjiAk ,tT=ziakrag Ghed nfthssyhk.

Gw kdGyjij nraygLjJdk Kd fljjayYss flLwh vyfluhdfs fFljj|
KOtjiYk ruhfg gitiaUfFk kdGyjmj nraygLjJdk Nghd> ,I1fifg
gffk mit KLffggLtjhy ,13gFfj JfL vjh kdDHIKK tyJdgffj
JfL Neh kdD}IIKk ngWfidwd FflLwh vyfluhdfs ,tthW ksiktjhy
(realign) Ffljjiaad cléwk mf kdGyk cUthfidwd. Gw kdGyj i j
rkdnraAk tiu ,J mjfhfidwd. Gw kdGyk rkdnraaggll gdG
flj) eiykd rkeiyaYssjhff fUjggLfwd. ,rrkeiyia mila
xU Fljjp vLjIFfnfhsSk Neuk VwFFEwa 1016 vdNt ,ij Xh cldb
effothfNt FUjyhk.

fljjyad clGwjjiy css kdIfsTsd efu kdD}lIk Ro. fljjifsd
Gwgguggly kILNk kdJfsfs ,UTFF KbAk.

fljjjad clGwjjiy midjJd Gssifs)Yk kdGyk Roahjyhy Thad
guggadf FTITFk efu kdghaKk RoahfNt ,UfFk. vdNt fh] tjpad
gb» fljjjaad clGwk ,UfFk efu kidD}I1 kjigGk Roy vdgmjNa ,J
czhjdfwd. Ntis ny kdJfsfis fTljjad clGwk ,UjjdhYk
ciINdNa mit fljjad gugig miled tLk

fljjfF ntsNa kdGykhdd mjd gugGFF nrgFjjhfTk v= ikjng
e

nfhz1jhfTk ,UFfFk. ,gF ovdgd fljjjaad Fwggll gFjlay css
kidD}l g gugghhy i MFk.

fljjlaad guggwF ,Ei=zahd jJirfsy kdGyjjd $SWFs ,Uejhy
guggYss TflLwh vyfluhdfs KLFffggLk mjhtd Fljj1 rkeiyay
,Yiy vdwhFk. vdNt> eiykd rkeiyay Fljjad gugGFF
nrqFjjhd pisrayy kILNk kidGyk mikAKk.

fjjiad gugGfF rwW ntsiNa kidGyjjid vz=kjige ivdgij eWTNthk.
e

rMva cUis tbt fhjad gugagf FUINthk. ,tTUisad xU ghp
fljjad clGwkhfg gjedssd.

fljjpad gugGfF nrgFjjhft kdGyjjd jiir ,UfFk vdgjhyy cUisad
tisguggeadf TFITfFk kdghak Ro. NkYk Tfljpjad clGwk kdGyk
Roahtjhy fh]jad guggd mbgghjifF kidghak Ro.
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vdNt> Nkygff jluilg gugG kILNk kdghajijf nfhLfFk. ,jiy kdGyjjid
jiirahdJd qugG (A)ntflhpd jiiraNyNa ,UFFk. NkYk (Nkwghji cUis)

guggwF clGwk css kidJfsfsid nkhjj kdD}l kjogG oA. fh] tjiag
gadgLjy

sA

EA=

0

ntflh thtyE =28
e

0

>, qQF ﬁvng fljjpad gugGfF nrgFjjhd> nts) Nehffla jiiraYss XuyF
ntflh. o< 0 vdyyr kdGykhdJd gugGFF nrqFjjh® cs Nehfha Jimray
>, UTFkK.

Tljjpad GwgguggYk clGwjjiYk eimy kddOjjgk xNu kjigé nfh=zbUTfFk.
fljjiaad Gwgguggy gquggwF ,E=zahd jJpiiray kdGyjjd $W ,UFFhI
vdgjhy guggy kdJdfsfis efhjdJtjwF Ntiy nraaj Njaitayiy. ,JjwF
gugglYss midjJd GssifsiYk kddOjjk rkkhf ,UFF Nt=zLk myyJd
guggYss> VNJDk ,U GCssifSTF , 1INaAss kddOjj NtWghL Roahf
,UFFf Nt=zLk TFfljjjad clGtwk kdGyk Roahjyhy> Fljjpad Gwgguggy
css kddOjjKk clGwk css kddOjjKk rkkhf ,UFF Nt=zLk vdN
eiykd rkemyay xU Fljj vgNghdk rkkiddOjjjjiy cssJd.

eiykd jJLgGuw (Electrostatic shielding):

fh] tjiiag gadgLjji kdDHIk ngw NfhsfF $lbd clGwjjiy kdGyk
Ronadgij ewWtNdhk. csslw kwWk jJizk Nfhst Fljjfs , 1tau=bd
clGwgfsiYk kdGyk RonadgmjAk T=NIhk. ,J xU tiagGlLk g=zghfTk
KffiakhdnthU tiisit) jutjhfTk cssJd.

Tljj)) xdwd clGwKss FoTg gFj) (Cavity) xdiwf FTUJINthk. Fljjad
GwgguggYss kidJdfsfs vJdthf ,UejhYk FljjifF ntsiNa VwgLk kiddiay
khwghLfs vJdthaDk mfFoTg gFjiaad clGwk kdGyk RoahfNt ,UfFk.
GwjNjJ VwgLk kiddiay khwghLfsiyjUed Elgkhd kd fUty xdswg ghJdfhff
NtzLnkdy ,jjifa FoTg gFjifFs 1tff Nt=zLk ,i1jNa ei1ykd
JLgGrw vdgh.

,thisit nrad fhll ghuNl $=L (Faraday cage) vdnwhU mikgG cssJ.
cNyhfj j=zlLfshy nraaggll ,f$=L fhllgglLssJ.

ntsiNa cUthffggLk nrawif kddyhy jhffggLk Nghdk $=zbwFs css
kdiyh vej ghjigGfFk csshtjiyiy.

kddy> ,bAld $ba kioad Nghd jJwej ntsjaNyh myyJd kujjidbalNyh
ewgij tl NgUejwFs ,Uggd ghJdfhgghdJd. NgUejid cNyhfg gugG eiykd
JLgGrwahfr nraygLfwd. Vnddyy mjd clGwjjiy kidGy kjigé Ro. kiddyid
Nghd TFljjiaad GwggugG toNa kdJfsfs jJiufFg ghatjhy NgUejDs
,UggtUTF vttj ghjigGk , UFFhJ.

egiykd Ji=zly:
JFej nghUs xdwdhy ,dndhdiw cuRtjhy kidNdwwk nraa KbAk vdgij

, tthwhf kdD}lIk ngw nghUis ,dndhU fljjiahy njhLkNghd> kidJfsfs
fljpaa milfidvd. Mdhy njhLjy ,dwNa Ffljjnahdiw kidNdwwk ngwr
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nraa KbAkh? KbAK. njhLjy ,dwNa xU nghUrs kdNdwwk ngwr nraAk
efoT eiykd J}=zly vdgglLk.

1. kdfljjhj jJhgfi xdwd kJ i1 tffgglLss kdDHIkw (kid
eLeiiyahd) Nfhs tbtf TFfljjig nghUs xdiwfF FUINthk. vjh
kdD}Ilk ngw j=zL xdW Nfhsjjd mUfiyy mijj njghlhjthWw
nfh=zL tuggLfwJ

J=zbYss vjhkdJdfs Ffljjlasy¥ss vyfluhdfis vjhggffjij Nehff
twllLfwd. ,jd tisthP kdDHIKk ngw j=zL ,UFfFk gffjjiy Neh
kdJfstSk mjwF vjhggffjjy vih kkddfstSk J}=zlggLfidwd.

1. kdDHIk ngwmw jzbidFf nfh=zL tUKdA Fljjiasd (NFhsjjid gugG
KOtJdk flLwh vyfluhdfs runfg gutaUejd. NkYk mjd ejfu
kdD}Ilk Roahf ,Uejd. Mdhyr jzbid FfljjadUfly nfh=zL
nrdwTld vyfluhdfs jJzbwF Nraikg gffjjiYk Neh kd Jfsfs
m=zikg gffjjJiYkhf miked kdJIfsfsd guty ruwwjhfiwd.
,UggDk> efu kdD}1 1k RoNa.

,ONghd NfhsTt Fljjima xU kdfljJIf fkgad %yk jaufF ,1=g6
nfhLffggLfwd. ,jJwF jJruaysm=zgG (Grounding) vdW ngah. vttsT
vyfluhndfis Nt=zLkhdhYk jruahy (Gtiahy) VwWfnfhss KbAkhjyhy
Nfhsff Fljjlaay¥ss vyfluihdfs jJiriuvai=zggdhy jiufFFs nrdwW
tLfidwd. Mdhy Nfhsjjiy css NehkidJdfsfs JzbYss vjh
kdJdfsfsid fthrn t©irfF clglLssjhyy ,ej Nehkd Jfsfs
JuufF gha ,ayhd.

,ONghd juuavi =zgGF fkgaiid vLjJ tbh Nfhsjjiyss Neh kdIfsfs
kdD} 1k ngw j=zbwF mUfNyNa cssd.

kdD}l 1k ngw j=zbid ,gNghd TljjalkUed mgGwgglLjjr ©lTk
mtthW mjid efflaTld Neh kdJfsfts Ffljjad guggy ruhfg
guThdwd. ,jjifa nrayKlwapd %ykhf kdelLeiiyj jdik nfhz=l
xU Nfhs tbtf fljj Neh kdD}IIk ngwwghf khwfwd. (xU Fwggll
thtk vdwyhky) ruww tbtk nfh=zl Fljjif> ,rnrayKiway
,1layikey gbfSk KbTk xdwhf ,UggDk filrnn gb NtwglL
,UFFk. mjhtd Neh kdJIfsd guty ruhf ,und. ,J vd? ,jwfhd
Tfhu=k gFj) tthjfFfgglLssJd.

kdD}II mww +q kdD} 1k ngwwJ
vwinghUs,
gwFFk Neuk T 2v,sing 2v,sing

g gg+qu

ngUk cauk hmax Zsin® v.sin’g
qu
m g

%9

(FE1JJS) neLFFk R | Zsi v2sin2g
gE 8
+= 7

€ mp
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gwfFk Neuk® ngUk cauke neLffk Mfia ,k%dWNk nghUsd KLFFjjwF
vjhjjfoy cssij ftdffTk NkYk>a§g +%g>gMifahy T, Nmax, R , K%dW
MsSTFSNk kdDHIkww eiyay css msTfis tlf Fiwej Kjigigg
g<g. Mifahy ,k%dWNk mjif

9E
m
kjigG ngwUFFk. ,UggDk nghUsid ghij ,ddKk gutisakhfNt cssJ.

ngwwUFFk. kidD}l1khdd —q vdpy>§g—

kidfhgGg nghUsfs myyJ kdfljjhg nghUsTs;

kdfhgg nghUs vdgd kdNdhiljajf Tljjhj xU nghUs. mjiy FlILwh
vyTluihdfsd vzzifait FiwT. kdfhgég nghUs)Yss vyfTluindfs mjd
mZffshy TILzL cssd. kdfhg6fSTF rny viLjJffhlLfs: vNghadD
f=z=hb> wkffh Nghdwit Gw kdGyjjly mtffggLk Nghd (kildfhgGFsy
css) vyfluihdfshy flLwh ,ayGld ,aqf Kbahd. Mdhy Fwggll jiiray
mit xOqgfFikffg gLfidwd. kdfhgcfs kdKidTss (polar) %yfdWfs
myyJd kd Kidtw %yfSWfshy Mdit.

kdKidtww %yfSWFs; (Non polar molecules):

Neh kidJfsfsid kdD}H1 ikaKk vjh kdJdfsfsd kdD}Il mkaKk XxNu
Gssialy nghUej) mikfidw %yfdW kd Kidtw %yf$W vdggLk ,J
eiyjj ,UKid jJjuUgGjjwidg ngwwUggjiyiy. vLjIffhiLfs: ®1  bu[d
(H2p» Mfr[[d (O2p fhhgd i§lahFirL (CO;) cssillit

,gnghUsfis Gw kdGyjjiy itjjhy Neh kdIfsfsid kdD}HI i§kaKk
vjh kdJdfsfsd kdD}I1 1kaKk rwa ,ilnts) nth=zL ghffggLfidwd.
-,jdhy 6w kdGyjjd jpiiray ,UKid juUgGjjwd J}=lggLfwd. ,gNghd
Gw kdGyjjhy kdfhgéG nghUs kdKidthffk nraagglLssJ (Electrically
polarised) vdW $wyhk.

kdKidTss %yf$WFs (Polar molecules):

Gw kdGyk nrayglhj emyaYk Neh kwWk vjh kdJfsfsid kdD}I
itkagfs ghffgglLss %y fdWFfs kdKidTss %yfBWFs vdgglLk. ,i1t
eiyjj ,UKid jJuUgGjjwidg ngwWssd. ntgg ,affjjid tisthy
nghus)yy css xtnthU ,UKid jJuUgGjjwDk xOqfwW ntetNtW jiarma
NehfH mikfidwd. vdNt GwkidGyk ,yyhj eiiyay efu ,UKid jUgGjjwd
RoahFk. KidTss %y fSWFSTF vLjITFhILFfs H20, N2O, HCI, NHs.

Mdhy Gw kidGyk nrayglLk Nghd> KidTss %yfdwyYss ,UKidfs
kidGyjjd piray xOqgfikfidwd. vdNtr ,U efu ,UKEd jJuUgGjjwd
mjDs J}=zlggLfwd. ,gNghd> Gw kidGyjjhy kdfhgG nghUskidK §dthffk
nraagglLssJ vdyhk.

kdK i dthffk (Electric Polarization):

Gw kdGyk nrayglLk Nghd xU kdfhgég nghUsyy ,UKid JiUgGjjgwd
J}=z lggLfwJd. kdFfhgGg nghUuspy XuyF gUkdyy (J}=zlggLk) nkhjj ,UKid
JUgGjgwerd Kirdthffk (P)vdgh. ngUkghyhd (Nehay jJiorrrh  jdik

nfth=1 -linear isotropic) kidfhgGfs)yy Kadthffkhdd Gw kdGyjjid tyinkfF
Nehjjfoy ,UfFk. , ijNav
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E):Ce Léext
-,qF c,vdw khwy; kid VwGjjwd (Susceptibility) vdggLk. ,J XxtnthU
kidfhgGg nghUswFk nttNtW KkjigigAmlajhft ,UFFk

kdfhggd csNs kdGyk J}zlggLjy:

Tljjinahdiwg Gw kidGy j Jiy 1 tFFkNghd> mjiyYss kdJfsfs
xUgfikffggll> mjdhy cUthFk mf kdGykhdd Gw kdGyjmj rkd
nraAk. Mdhy kdfhgigg nghUjjtaw mjyy FlLwh vyfluhdfs ,yyhjjhy
Gw kdGykhdd mjiYss kdJIfstis xUqgFikffr nrajhYk mjdhy
cUthFk mf kdGyk Gw kdGyjmj ©wlf Fiwthf ,UfFk vdNt kdfhggd
cléwk efu kdGyk Roahtjiyiy; NkYk Gw kdGyjjd jaraNyNa effu
kdGyk ,Uffwd. Mdhy mjd vzkjgG Gw kdGyjijuglf FrwthfNt
,UFFk. vLjIffhlIhP (kdNjFFi xdwd) vjnujh kdD}Ilk ngww ,U
JILFSTF ,i1lNa xU nrttf tbt kdfhgGg ghsk itffggprw\LJl. JILTSTF

,iINa eyTk rihd kdGyk kidfhggwF xU Gw kidGykhf (Ew)nrayglL

mjad Kidthffk nrafwd. mjd xU gffjjiy Neh kdJfstSk kwnwhU
gffk vjih kddfstfSk J}=zlggLfidwd. Mdhy kdfhggd c<clGwjjiNyh xU
nW gUkdy $1 efu kdD}IIk Roahf ,UFfFRidwd. MfNt Gw kdGyjjiy

1tffgglLss xU kdfhgghdd kdD}I1 gugglhjjgi + s, kwwk - s, nfh=zD
vjnujih kdDHIIk ngww ,U JILFSTF xgghFk. ,kkdJdfsfs flL=1

kidJdfsfs (Bound Charges) vdggLk. , 1t fljjiaYss flLwh vyfluhdfisg
Nghy ,it jJilaww ,affjijg ngw Kbahd.

vLjIdffhllhP cuhatydhy kdDHIIk ngw gYld xdW Rtwwy XxIbf
nfhsfiwd. vjih kdD}IlIk ngw gY}lad RtwwdUfiy nfh=zL tUkNghd> mJ

Rtwwy Ntwd kdJfsftisj JjlzlLtjhy Kiedthffk VwgLfwd. , jdhNyNa
RtwwWld gY}d xIbf nfhsfwd.

kidfhgG tyii k (Dielectric Strength):

kdfhggwF msiffggLk Gw kdGyk mjif tyiik thaejjhf ,Uejhy mJ
mZffs)yy css vyflund fllikgig ciljJd flIL=z1 kdJfsftis fTlLwh
kdJdfsftshfFhdwd. ,eemyay kdfhgég nghUs kdNdhiljajf TFTljj
Mukgffidwd. , ijNa kdfhgG KwT (dielectric break down) vdgh. ,kKwT
VwgLk Kd kidfhgé xdW jhgff$ba ngUk kdGyk kdfhgé ty)ik vdgglLk.
vLjI3frhlIh® fhwwd kidfhgG tyimk 3 x 106V mt , jJwF mjifkhd kidGyjuj
nrayglLj jidhyy mjyy nghw cUthFk. ny kdfhgéfsid kdfhgc tyinkfs
glbayilgglLssd.

kidfhgG tyik:

kidfhgG tyiaik (Vm-
)

i kTN 100 x 108
nlgyhd 60 x 106
hfigk 16 x 106
iguf ] f==hb 14 x 106
Fhww 3 x 106

kdNj ffifs kwWk kdNjfFjjwd
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kidNj Fhfs (Capacitors):

kdJdfsfs kwwk kddhwwiy Nrkff cjTk fUtiNa kdNjffP mJd rwa
, 1Intsjay ghjJd §tffggll ,U kdfljJdg nghUsfshy (nghdthH jJlILFfs
myyJd JFfLfs) MdJ. gy vyfluhdia RwWEs)Yk. mwttay njhoElgj Jiwfs
gytwwYk kidNjff gutyhf gadglLjjgglLfiwd.

Xh vsia kdNjfRay> ,U ,i1zahd cNyhfj jlLfs rwa ,ilntsay
ghffgglL cssij fhzyhk kdNjffira V kddOjj NtwghL nfh=l
kdfyDId ,i1=zjj gdG kdfydyUed (kdNjffiaod) xU jlbwFk ,dndhU
JlbyiUed kdfnyFkhf vyfluhdfs , Ikngahtjhy> xU jJIL - Q Vjh
kdD}IIKKk ,dndhdW +Q Neh kdD}IIKk ngWfidwd. jILFSTfi INaahd
kddOjj NtwghL kdfydid Kid kddOjj NtWghlLfFr rkkhFk. kdfydid
kddOjj NtWghL mjifwffggllhy JILTs)y NrkiffggLk kidJfsfsid msTK
mjFhfFk. nghdth kdNjfhay Nrkffggll kdJfsfsid kdD}HI kjigG
mjd jJILFSThHilNa css kddOjj NtWghlLFF Nehjjftyy ,UFFk.
Q ¥V, myyd Q=CV,

,QF C vdw jJfT khwy. ,J kdNjFFjjwd (Capacitance) vdggLKk.
kidNjffiaoad kidNJFFjgwd C vdgd mjd VNJDk xU kdfljJd jlby css
kiddfsfsid kdDH1 kjggwFk FljpfSTF (QILFSTF) ,1lNa eyTk
kiddOjj NtWghlbwFk , 1INaTss tfjk vd tiuvaWffggLfwd.

- Q
\Y,
kdNJFFjwdid SI myF $Ylk / Nthyl (CV1) myyd ikfNfy ghuNlad
eadthf gl (F) vdWwk FwffggLfwd. ghul vdgd kdNjfFj jwdd
kifgngha Xh myF. eilKiwayy #kfNuhghul (1pF = 10F) Kjy #§gFfNfhghul
(1pF = 102F) tiuvayyhd kjig6FsSid kdNjFffs Hia 1 Fhidwd.

kidNjH myyJ Mfia FwalLfshy FwgglggLfwd. kdNjfhiad ,U
JTrLTs)y NrkiffggLk kdJfsfsid nkhjj kdD}lIlk Ro (Q-Q=0) vdgijf
TedffTk. kdNjffi xdwy kdJfsfs NrkjJ stffggbdwd vd ehk
nrhyYk Nghd mjd xU jlby NrkffggLk kdJfsfsid kdD}Il msithNa
FwggL fiNwhk.

,diwa Thyflljjyy kdNjfifs gyt tbtgfs)Yk (cUris tlL)
tiffs)Yk (lh=zlyk ggfhd> kdgF kidNjfffs) fin 1 idwd.

- 1ZJjIL kdNjffiad kdNjfFjjwd:
FWFfFntlLg guggsT A kwwk d , iljnjhiytidhy ghjJ §tffgglLss ,U
,1ZjjlILFisT nfh=1 kdNjfFfinaf FUJINthk

,U Kbtiyh ,1=zj jJILFSthilay kdGyk ruhfTk Ezikjng nfh=Lk

(o]

,UFFk. ,gF svdgd JjlLfsid kdD}Ilg gugglhjji §s=%glefspd
g

guggsitf ThibYk ,mljnjhayT d kfTk rwajhf ,Uggd (d<< A),
tukgwFIgll msT nfh=l (finite sized) ,1=zjjlIL kdNjFHiFfFk $1 NkNy
$wggll rkdghL nghUeJk.

vdNt jJILFSThHi INaahd kdGyk
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E :i
Ag,

kidGyk ruhf ,Uggjhy> JILFSTF , iINaahd kddOjj NtWghL

V=Ed-= Qd
Ae,
vdNt kidNjfhad kdNjfFjjwd
C —_ Q — Q eOA

V éQdu d
A U
8 Aey

kidNj fFj jwd jlbd FWFFntlLg guggstwF Nehj JjFoiYk »U
JILTSThRiIINaAss njhiytwF vjhjjfoYk cssJ vdgij mwayhk
gdtUk gFgghattd %yKk , 1j mwayhk.
1. kdNjffij jJlLfsid guggsit myfhjghy mNj kddOjj NtWghlby
,dDk mjifsT kdJdfsftisg gutr nraa ,aYk. vdN®
kidNj FFj gwDk mjiFkhFk.

2. JILFSTF ,1lNa css njhayT d 1T FiwfFFkNghd E khwy; Mjyhy»
mtwWfF , 1INaahd kddOjj NtWghLk (V) FiwAk (V= Ed). ,gNghJd
kdfydd ,UKidfSfF ,ilNaahd kddOjj NtWghL mjiFkhF
,Uggjhyy Kidfsd kddOjj NtWghLk JILFSTF , ilNaahd
kddOjj NtWghLk rkkhFk tiau kdfyjjyiUed JILFSTF kdJdfsfs
ghAk. khwh® jJlbulj njhiyitf $ILkNghTI kdNjFhad kddOjj
NtWghLk S$LEjhy fy ©l mjFkhf
,UFFk. ,U kddOjjqfSk rkkhFk tiu kidNjffiJ jJlLfsyiUed
kdfyDfTF kidJfsfs ghAk.

lkidNj Thayy, NrigFfgglk Mwwy: _
kidNjfRahdd kdJdfsfis klLkyy kddhwwiyAk NrkifFk xU fuUutahFk.

kdNjtH xdw kdfyDId ,i=zffggbk Nghd -Q kdD}IlI msTila
vyTluhdfs mjd xU jlbyiled ,dndhdWfF ,lkngahfidwd. ,ej kdJfs
>, lgngahTTfF NjitggLk Ntiymra kdfyd nrafwd. nraaggll ,tNtiyNa
kdNjfhRay ei1y kddOjj Mwwyhfr NrkjJd §tffggLfiwd.

V kddOjj NtEWghlby dQ msT (infinitesimal) kdD}llk nfh=zl kdJdfsfis
efhjj nraaggLk Ntiy
dW =V dQ
,qQF V= % vdNt

kidNjffRia kidNdwwk (charge) nraaj NjitgglLk nkhjj Nty

Q 2
W = (‘)ng :Q_

,C 2C

,ej Ntiy ey kddOjj Mwwyhf (Ue) kkdNjfhary NrkfFfggLfwd.

_Q% 1., _
Up ==—==CV =cv
£ =50 2 N\Q )

,tthW NrkiFfggll Mwwyhdd kdNjFFjjwDFFk JILFSFF i INaahd
kddOjj NtWghlbd ,UKbFFk Nehjjfty ,UFRdwd. Nrkffgglk , tthwwy
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vgNF cssJ? ,1jJ mwa rkdghh gdtUkhWw khwy vOjyhk. ,gF C =
€A v =Ed

d

_126A0
2§ d 5
,QF Ad = kdNjfhad JILFSThRiINa css gFjad gUkd. ,ej
, 1IntsiggFjlad xuyF gUkdy NrkiffgglLss Mwwiy ey kddOjj
Mwwy mihjj) (ug) vd truaWffyhk.

UE

(Ed)? :%eo(Ad)Ez

vdNt u. _Ye

Vv
rkdghL 1g gujavl

Ug :%eOE2

> Jlyiued> kdNjfRaoad  JILFSThiINa Ccss ,i1lntsjay eyTk
kidGyjjiyjhd Mwwy NrkfFfggLfwJd vdgij mwed nfhssyhk. kdNjfhra
kiddwffk (discharge) nraAkNghd Mwwy jJiUkgg ngwggLfiwJ.
Mwwy mlihjjpiahdd kdGyjajr rhhed KILNK cssJ vdgijAk jlLfsd
msitg nghWgd mJd miktd ,yiy vdgimjAk fedFffTk NkYk rkdghL
viti T kdJfs giyaikgGFfFk nghUejf$ba xdwhFk.

kidNj FHfs)d gadghLfs;
gyNtW vyfluhdia RwWEs)Yk kdNjFRfs gadglLjjgglfidwd. mtwWs
nytwiw ,gqF Ffh=Nghk.

1. ehk midtUk mwej xdWjhd xsigglf¥ TUt (difital camera), ehk
Gafgglk VvLFfFk Nghd mjiyiUed njwgnghs) (flash) ntsiggLtjwF
njwgG kidNjff vdggLk xUuts T kidNjfhayUed ntsitglggbk MwwNy
Tfhu=khFk.

,jJa eWjjk (Cardiac arrest) VwgLk Nghd> ,ja cjwy effp (Heart
difibrillator) vdw xU fUtiiag gadgLjji jJBnud mjfstyyhd
kddhwwiy Nehahsjaad neQRg gFjagy nrYjJdtjd %yk ,jajdbgig
,ayGfFf nfh=zL tUthhfs. ,ffUtiayy 2000V mstiyhd mjif
kddOj 33y kkdNdwwk nraaggll 175 mF kdNjfH gadglLjjggLfwd.

3. jhdiaqfi vejuqfsid> vhnghUs  vhAILk mikgGFsyy  jgnghw
cuthtij juhff kdNjFffs gadglLfidwd.

kd togfifsyy (Power supplies) kdjywd Vww ,wFFjijf FiwggjwFk
kdjwd mDgglby mjd gaDW jwid mjiffFfr nraaTk kdNjfffs
gadgLfidwd.

,UggDk: rny FiwghLfSk kdNjJFAIfFSTF co<cssd. kdfyidNah
kdtogfitaNah mi=zjj gdGk kdNjfRasy Njffi §tffggll
kidJfsTSk kiddhwwYk rwJ Neuk , UFFk. vLjIffhlIhP
nghayffhlrng nglbia mi=zjjJ c<cld rwWw Neuk € u mjd
gdgffjujj njhlhky ,Ujjy mtrnak.

kidNj Fhfs)yy kdfhgGfsid i sT:

,Jtiu ehk ghhjj twsTffqqfsy> xU kdNjfhad ,izjjILFfFSTF
, 1 INaAss ntsiggFj) ntwwlkhf cssjhfNth myyJd fthwwhy euggll ghfNth
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vLjJIFf nfh=Nlhk kdfhgGg nghUsfshd iwkffh f=z=hb myyJd Tfhfijk
Nghdwtwaw JILFSTF ,1lINa GFjjidhy kdNjfhad kdNjfFjjwd khwwk
mia 1Ak

JILFSTRilNa kdfhggid ,U NtEW egiyfsy GFjjyhk.
1. kdfyDId , 1=zgG J=zbffggll eiyay kdNjffi cssNghd
2. kdfyDIld , izffggll eiyay kidNjffi cssNghJd

kdfyDId , izgG J=zbffggll giyay kdNjfhH

A FWFfF ntlLg gquggsTila ,U ,izjjlLfs d ,ilntsay ghjJ
itffgglLss kdNjffHi xdiawfF FUINthk. VokiddOjjKila kdfydhy
kidNjfhahdd QokidD}IIk nfh=z1l kidJdfsfis NrkfFFk mstwF kidNdwwk
nraaggLfwd. ,eenyay kdNjffiaad kidNjfFjjwd

_Q

VO

kdfyDIldhd ,i=zgig] J=zbjj 9gd&e JILFSFF ,ilNa kdfhgG
EroffggLfiwd.

kidfhgig Emojj cld jJlLfsSthrlNaahd kdGyk FiwAk. Matd
mbgg i layy>y khwwkilej kdGyjinj (E) gdtUk rkdghlbdhy mwayhk.
E = 5
e

.qQF EovdgJd kidfhgG ,yyhj eidyay kdNjFiAfF ,ilay css kdGyk
kwWk & vdgd kdfhggd rhhG tLjwd (relative permittivity) myyJd kidfhgG
khwyr vdggLk. ,qF &>1vdgjhy E <EMFk.

,jd tistht JILFSTRiIINa css kddOjj NtWghLk (V = Ed) FEwAk.
mNj rkak kdfyDId ,1=zgG ,yyhjjhy Njffggll kdJfsfs vgFk
nryyhd. mjdhy kidD}1 kjigé Qok khwhd ,UFFk.

vdNt Gjia kddOjj NtEWghL

voed=Eagte
e e

kddOjj NtWghlbwF vjhjfttyy kdNjJfFjjwd cssjhyy Fiwa C
m jifhrFFk.

kidfhgG css enyay kdNjfFjjwd

e> 1 Mjyhy C > Co. vdNt skhwylAmla kdfhgigg GFjjla gdG
kidNj FFj gwd mjifhFhdwd.

kidfhgigg GFjjia gdG kdNjfFjgwd mjifhfhdwd.
rkdghL -d gb

C

:—ereoA:%
d d
e=¢le,gF ¢ vdgd kdfhgéc CIfjjid tLywd vdgglLk.

kdfhgaig ExnofFk Kd kidNjffRay Nrkffggll Mwwy
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_1Q
2C,

kidfhgG Exoffggll gdG kidD} Ik QokhwhkYk kidNjfFjgwd C mjifhjJk
fh=zggLtjhy NrkifFfggll Mwwyid msT FiwAk.

Uo

2C 2¢C,

e>1 Mjyhy U< U, kdfhgigg GFjJIkNghd> mij kdNjFfi csNs ,Offwd.
>, JWFhf rwJd Mwwy nrytilggLtjhNyNa kdNjffiaod Mwwy msT Fiwfidwd.

kdfyDIld , 8zffggll eiyay kdNjfhH
kddOjjk Vocila kdfyDIld kdNjffiahdd ,az=zfTfggll einmyaNyNa
kdfhgag Exojjhy vdd NehfwJ vdgmj ,gNghd ghhgNghk.

JILFSTF ,1lNaahd kddOjj NtwghL Vokhwhky  ,UfFk. Mdhy
,eeiyay kdfhgigg GFjjidhy kidNjffiaoy NrkiffggLk kidJdfsfsd msT
eklgfhf caUk vdgij MaTfsd %yk (,1J Kjyiy nrad fthlbath ghuNl)
mwFINwhK.

Q=¢er Qo

kdJfsfsd msT  JiFhigg jhy» kidNj FFj jwDk m jiFhFFk. Gjla
kidNj FFj jwd
C= 2 :er = rCo
VO (0]
vdDk kdfyDId ,iz=zffggll eiyaYss kdNjffiad kdNjfFjjwd
mjFhggjwfhd Ffhu=zKk kdfyDId ,1=zg6c Jz=zbffggll eryayYss
kidNjfhavd kidNjFFjjwd mjfhigggwfhd fhuz Kk nttntW.

_€eA

°
kwWk C=2—A
kidfhgigg GFjJtjwF Kd Nrkiffggll Mwwy

U (0] = l(:OVO2

2
2
>, qQF Uo:%%vdw rkdghlal ehk gadgLjjhjujf FTetdffTk. Vnddy’

kdJfsfsid msTk kdNjfFjjwDk khWwHfidw ,eNehtty Vo KILNK khwhky
cssJ.

C

kdfhgig Emojjgde kdNjfFjjwd mjyfhfFfwd. ,jdhy Nrkffggll
MwwYk mgiFhFfwd.
U :%CVOZ :%ercovo2 =eU,
e>1Mjyhy U >Uq
kdNjfhaad kddOjj NtWghL Vokhwhky cssjhy JILTFSThilNa eyTk
kidGyKk khwhky ,UfFk vdgijf ftdffTk.

Mwwy mihjji u =%¢9EO2
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»gF evdgd kdfhgG CIfjjid tLjwd MFk.

, KKbTfs fhllgglLssd.

tvz

KidFngG
GF}J g;g Lk
NghJ

kidD}IITK
Q

kiddOj;j
NEWghL
\V,

kdGyk E

kidNJTF]
Jjwd C

Mwwy, U

kdfydd

Khwiyy

FiwAk

FiwAk

caUk

FiwAk

1 =96
szf—fggIL
,Uejhy

kidfyd
, 1 ZTfgglL
.Uejhy

Khwyy Khwyy

kdNjThfs njhihi=zggYk gff
njhihi =zggy kdNjfThfs;
kddOjj NtWwghL V nfh=zl kdfyDId
cssd mtwwd kdNjffjjwdfs C;, CckwWk Cz; kidfydd kd , 1=dG6
nfhLFfggllTld C; kdNjfhad tyJdgffy jlil Nehffhi -Q kdD}I
msTila vyfluhdfs vjhkdthayUed , Ikngahfidwd. , kKkdD} 1k
mNjasT vyfluhdfis (-Q kdD}lIk) C; kdNjffiaod ,1JgFFj jlbyUed
C> d tyJdgffj jlial Nehffh wulLhdwd. ,J eiykd J}zlyidhy efofiwd.
.,Nj Nghy C, ,d ,1J gffj jJIL-Q kdD}Il msTss vyfluhdfis C; d
tyJdgffy jlial Nehfff twlLfidwd. egiykd J}zlyd tisthy C; d
,1JgFfj jlby +Q kdD}Ilk cUthfwd. mNj rkak C; d ,1Jgffj
Jlbyed -Q msTss vyfluhdfs kdfydid Nehkidthoia Nehff
> lkngahfidwd.

- 1ZggYk

%dW kidNjJFfHfs njhlhe =zggy

,eeffoTfshy xtnthU kdNjffiaayk rk msT kdD}Ilk Q nfh=l
kdefsfs NrkifFfggl fwJd. kidNj Fifsd kidNjfFjjwd nteNtwhf ,Uggjhy
mit xtnthdwd FWFNT eyTk kddOjj NtWghLk nteNtwhf Uka mit

KiwNa Vi, VokwWk VsMFk.

kidNjfHifsid FWFNT fh=zggLk nkhjj kiddOjj NtwghL kidfydd kiddOjj
NEWghILFFr rkkhf ,UfF Nt=Lk
V=Vi+V2+V3

Q=CV Mjyhy Vzg

nghlhi ZggYss %dw kpdNJffpfSk xU Jdijj
nfh=lhy
Q

V= e rkdghL gujiasl>

kdNjFRia cUthFFLjhff

xU jdijj kdNjFfia cUthfFFLjhff nfh=lhy
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\Y :Cg rkdghL gujaub

vdNt kdNjFfifs njhlhi =zggy cssNghd njhFgad kdNjfFjjwd Cs d
Jiyfo kjigghdd xtnthU kdNjFFjjwdd jiyfo Kjigefsid SBLjYFFr
rkkhFk. njhFgad kdNjfFj jJwdd kjigé Cs MdJ njhlhi=zggyYss kff
Fiwej kdNjFFjjwid t©l vgNghdk FiwthfNt ,UFFk

gff . 1=zggy kdN\Njffifs;

kddOjj NtWghL V nfth=zl kdfyDIld %dW kdNjfffs gff , 1=ggy
cssd mtwwd kdNjFfFjjwdfs Ci, C; kwWk CskidNjfhifsid xjj gffgfs
kdfydid xNu NehKsd kwWwk vjhkdKsdAld ,iz=zffgglL ,Uggjhy’
xtnthU kdNjfRfFFf FWINT NjhdWwk kddOjj NtWghL rkkhfTk mJ
kdfydd kddOjj NtWghlLfFr rkkhfTk ,UfFk. xtnthU kdNjffad
kdNjJFfFJgwDk nteNtwhf ,Uggjhy mtwwy NjffggLk kdJfstsid
MsSTFSk ntetNtwhfNt ,UFfFk. kdNjfhAfs)yy NrkiffggLk kdJfs msTfs
KiwNa Q1,Q: kwWwk Qs vdf. nkhjj kdD}Il khwh tjad gb ,k%dwW
kdJdfsfsid kdD}lIgfsd $LjyhdJd kdfydiyiUed ngwggll kdJfsfsid
kdD}I 1k Q fF rkk vdyhk.

kidJdfsfsid kdD}HIIk Q fF rkk vdyhk.

Q=Q1+Q2+Qs

Q =CV vdgjhy

Q=CV+CV +CV
, kK%dW kidNJFRIFSKk xU jdijj kdNjfhra cUthfFejhff nfh=lhy mjy
NjFfggLk kidD}I1k Q =CpV vdyhk.

rkdghL gujiayb>
CpV =CV +CV + CV
Cp =C1+C+C3

kdNjJffifs gff ,1=zggy cssNghd mtwwd njhFgad kdNjfFjgwd Cp
ahdd jdjjd) kdNjffifs kdNjFFjjwdfsd $SLjYFFr rkk. njhFgad
kidNjfFj jwdid kjigéc gff , 1=zggYss mjifglr jdijj kdNjfFjjwid
tl vgNghdk mjyfkhfNt ,UfFk gff ,1=zggYss kdNjffi xtnthdwd
guggs 1 tAk $ILkNghd i lfFk njhFgad guggsT mjifkhf cssjhy mjd
njhFgad kidNjfFjjwDk mjifkhf cssJ.

kdfljjayy kdIfsfsid gutYk $HKidr, nrayghLk

kdfljjiayy kdIfsfsd guty:

Mugfs KiwNa ri, ronfhzl A, B vdw ,U kdfljJd Nfhsgfs xU nkyya
fljJ Tkgadhy xdNwhnlhdW ,§@z=zffgglLssd. NfhsqgfSTF , ilggll
nghayT mtwwd Mugfis tl kfTk mjifk vd s tFFTk.

VNJDk  xU NFhsjgwF Q msT kdDHIIk nfhz=l kdJdfsfs
msjFfggLkNghd> ,U Nfhsqfsid kddOjjKk rkkiFk tiu ,kkidJdfsfs ,U
NfhsgfsiYk guTHidwd. ,gNghd Nfhsqgfs ruhd kidJdfs gutiyg ngWtjhy
eiykd rkesyra milfidwd. Nfhisk A d guggy mikAk kdD}Ik
q:vdTk> Nfhsk B d guggy mikAk kidD}IIk g2 vdTk nfth=zlhyQ = q: +
g:Fljjifsid GwgguggNyNa kdJdfsfs gutiAssd. NkYk TFljjifsid clGwk

vttyj efu kdDHIKK ,UFffhd.
Nfhsk Ad guggy emykddOjjk
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Nfhsk B d guggy eiykddOjjk
-1 %
41060 r-2
fljpad gugG rk kddOjjjjy ,UFFk NkYk Nfhsgfs fljJ fTkgay
, 1ZzTfgglLssjhy mtwwd gugGfs ,1=zed xNu rk kddOjjg gugig
cUthfFfidwd.

Va=Vs

B

mny &:&
L n

Nfhsk A d kdD}Ilg gugglhjji s,vdTk Nfhsk B d kidD}il1g gugglhjji
S,vdTk mtghNghk. , JiyilUed>
g, = 4pr’s, kwwk
02 = 4pr/s,rkdghL y gujiarl
o1l = o2l
.Jd %yk
o r = khwy,

mjhtd Nfhsjjid kdD}ilg gugglhj ji mjd MujjwF vihjjfoy cssJ.

(&)
Muk Fawthf ,Uejhy kdD}llg gugglhjji mjyfkhf ,UFFk myyJd Muk
mjFkhf ,Uejhy kdD}l1lg gugglhyji Fiawthf ,UFFk.

$hKidr nrayghL (Action at points) myyJd xsiell kddwffk (Corona
Discharge):

WNjDk xU tbtKss kdDHIk ngww F1jj) xdiwF FUINEhK.

tisT Muk Fiwehf gFjifsyy kidD}llg gugglhy gy mjifkhf ,UFFk vdgij
ehk mwNthk. Ffljjasy tisTjjdik mjfKss (Fiwej Muk) Kidfsy
kdJdfsfs mjfkhff Fthdwd.

,jdhy mkKidfF muUfly kdGyk kFej tyiitkAld c¢cssJd. ,J
mggF jlaYss fThwiw madiahffk nrafwd. ,gNghd> $HKiIdFF mUFYss
Neh kdJfsfs twllggbfidwd> vjh kdJfsfs $hKidia Nehff
ftuggLfidwd. ,jdhy Fljjiad $hKidg gFjayYss kdJfsfsid nkhjj
kdDHI1 kjigc Fiwfwd. ,ijNa $SHKEdr nrayghh myyd xsitll
kiddwffk vdgh.

kddy jhafh myyJd kddy fljjr

caukhd Fflllgfis kddy ntlLfsyUed ghdfhffF cjTk xU fUut kddy
fljj. ,J flljjd toNa jJuuFFr nryYk xU ezD jbjj jhkuj j=zbidf
nfhzlLssJd. mjd NkyKiday $hKidAila Crfs nghUjjgglLssd.

Jzbd fTo Kidahdd mpf Mojjry GujffgglLss jhkujy jliLId
, 1ZTfgglLssJd. vjh kdD}lIlk ngw Nkfk Fl11jjid Nky nryYk Nghd»
fljjjaod $hKidFfsy Neh kdD}l Ik J}=lggLfwd.

$h Kidfsy Jl=zlgglk kdJfsfsid mlhjjr mjfkhjyhy $ShKidr
nrayghL efofiwJd. Neh kidD}lIIk ngwWss ,ej kdJdfsfs $HKIATFSTF
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mUAYss fhwW %yfSWFis madiahffk nrafidwd. , jd%yk cUthFk Neh
kidD}IIgfs NkfjjiYss vjh kdD}HIjjd xU gFjiia rkdnrafiwd.
$HKadTfuis Nehffp twullggll vjh kdJfsfs jhkuj J=zbd toNa Gtima
Nehffi nryfidwd. kddy fljj) kddiyj jLggjiyiy. khwhf juuma Nehfh
kddiyj jiugetjd %yk fFlllgfisg ghdfhffwd.

thd - b - fuhg kddiaww:

1929 Mk Mz=zby uhghl thd b fuhg vdgth gy kyyad Nthyl (107V)
mstiyhd kf mypf eiykddOjj NtWwghlal cUthfFk vejuk xdiw
thtikjjhh. thd b fiuhg ,awwad nrayghL eiykd J}=zly kwWk $hKidr
nrayghL Mfia jjJdtqfsid mbggilagy miakfwd. kdfhgé ngww jhgfad
kJ xU ngha csslww kidfljJ Nfhsk nghUjjgglLssJd. Nfhsjjid eLtyy B
vdw TggAk jhgfiaad mbggFjifF mUfiy C vdw TggAk nghUjjgglLssd.
kdfljjhg nghUsfshd glL myyJd ,ugguhy nraaggll glal xdW fggfsid
toNa nryfwd. fgg C kdNkhllhh xdwdhy nghlhed ,affggLfiwd.

fggfFSTF mUNF $hKidfs nfhzl D kwk E MHa ,U rgéG tbtf
fljjfs , 1=zffgglLssd.

kid togfiaid %yk mstiyhd Neh kddOjj NtWghlby rgé D mtffggLfiwd.
rgé E MdJ Nfhsff $lbd clGwk , 1 zFffgglLssJd.

rg6 D fF mUfiYss cah kdGyjjidhy> rg¢ D fFk glilfFk ,ilayhd
gFjlasyYss fhwWw madjahffggLfwd. Neh kidJfsfs glilia NehfFFAK vjh
kdJdfsfs rgé D 1 NehfflAk efhfidwd. ,ejJ Neh kidJdfsfs glilay

xIbfnfh=zL NkyNehffir nryfidwd. ,8t rgéG E 1 neUgFkNghd eiykd
Jizlyhy mjifstiyhd vjh kwWk Neh kdJdfsfs rggd ,UKidfs)Yk

cuthfidwd. NkYk Neh kdJfsfs rgé E yUed tullgglL Nfhsjjid
GwggFjima miulfidwd. Nfhsk Tljjignghushy Mdgbahy Neh kidJdfsfts
Nfhsjjid Gwgguggy ruhfg guTHidwd. mNj rkak xsell kddwffjjhy
glilayYss Neh kdJdfsftis fhwwYss vjh kdJIfsfs rkd nrafidwd.
gddh glsl fggad toNa fNo nryfwJ.

glesl fTowgFkNghd> kdD}lkw eryra milfwd. TINoAss rgig
neUgfiaTld k=zLk mjf Neh kdJIfsfis glil Vwfwd. NkNy nrdw gd
mJ k=zLk Neh kdJfsfis Nfhsjjid GwgguggwF msfhdwd. ,eefoT
nghlhed VvwgLfwd. Nfhsjjid Gwgguggy ngUk msty Hiljjll 107 V
kiddOjj NtWghL cUthFk tiu ,J njhlhfwd. Nkwnfth=zL Nfhsjjy
kidJdfsfs Vwfggl Kbahj esyma vibaTld> fhwwd madiahffk fhu=khf
kddfsfs fTrnaj njhlgFfidwd. cah mOjjjjy thA euggggll Vv/FT
fyjjidhy Nfhsjij %lLtjd %yk Nfhsjjiyiled kdJdfsfsid frnuidf
Fawffyhk.

thd b fuhg ,awwad %yk ngwggLk cah kddOjj NtWghL mZffUg
gsitay gadgLk Neh madfis (GNuhllhdfs kwWk bAlbuhdfs)
KLFfFtffg gadgLfwd.
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12 ,awgay
myF 2

kidNdhil tiay,

mwKFk

myF 1 ,y ehk kdJfsfs Xatyy cssNghd mtwwd g=zGFisg gww
mweNjhk. Mdhy erlKiway nghUlfsyy css kdJdfsfts Xatyyhky
vgNghdk ,aqfi nfth=zNl ,UfFk. vLjJITfhllhf jhkuf Fkgayy css
vyTluhdfs Xatyyyhky njhlhed nteNEW parfsy ruw Kiway ,aqf
nfh=zNl ,UfFk vdNt ,affjjiyss kdJdfsfsd g=zGfis gFjjhuhatd
,dwaikahjJ MFk. ,€] kdJdfsfsid , aFffNk kidNdhl Tk
vdwioffggLfwd. kdNdhlltay vdgd kdJdfsfsid ,affjijggwwa ghT
MFk. ,gghthdd myrh=Nuh  NthyNIh  (1745-1827) td  Ff=Lgbgghd
kdfyqfsy njhlghad. ,ej kdfygfNs> eimyahd kdNdhiljij Kjd
Kjyy toqfid. etd cyfk kidNdhlljjid gadghlal ngUksT rhhedssJ.
kidNdhllkhdJ ,aejuqfis ,afFjy> jJfty njhlhG mikgGfs kddZtay
futfs kwwk tlL cgNahf rhjdgfs Nghdwtwwy gadgLfidwd.

.ej mytyy ehk kidNdhlilk kdjil kwWk nghUlfs)y , it rhhej
egfoTfisggww galy csNshk.

kidNdhi ik

gUgnghUs vdgd mZffshy MdJ. xtnthU mZtYk NehkdD}lIk (Positive
charge) ngww clIfUTk (Nucleus)y mjid Rww vjhkdD}HIIk ngww
vyTluhdfSk cssd. NkYk cNyhfgfs)yy css mZffsy xdW myyJd
mjwF Nkwgll FflLwh vyFfluhdfs (Free electrons - clfUTId jJsHtht
gazffggll vyfluhdfs) cssd. ,ej fllwh cyfluihdfis mZtylUed
vsijly ghjnjLffyhk (effyhk). FflLwh vyfluhdfis mjifk nfh=zlLss
nghUlfas Tljjifs (Conductors) vdfiNwhk. rhjhu=z ntggeiayfsy FlLwh
vyTluhdfs fljj1 KOtJk vyyh jinrfsiYk ruw Kiway ,aqFfidwd. ,ej
riw ,affjjd Thu=zkhP Fljjjad xUKidayUed kwnwhU KidfF
vtojkhd efu kiddfsfs ghkhwwKk ,Uffhd: vdNt kdNdhllIKk ,Uffhd.
fljjlad KidfsSfhilNa kdfyjjd cjtAld kddOjj Ntwghlil
VwgL j jidhy> FlLwh vyFfluhdfs kdfyjjid Nehkdthoia Nehffp ,OjJr
nryyggLfidwd. , jd %yk efu kidNdhlilk cUthfwJ.

gjindhdwhk tFgG ,awgay Gjjfk njhFj1 2 myF 6 y ehk cah <hgG
mOjjjjyUed jho giwfs nrytijggw gadNwhk.
,NjJNghy Nehkiddfsfs mjif kddOjjjiyiUed Fiwej kddOjjjiwFk
vjhkdJfsfs Fiwej kddOjjjiviled mjf kddOjjjwFk nryfidwd.
vdNt kdfyj njhFgé6 myyJd kdfyk vdgd Tfljjpad KidfSftfiilNa
kddOjj NtWghlil cUthfFENj.

xU TFfljjay kdNdhlilk vdgd nfhLffggll FWFF ntlL gugé A
toaht kdJfsts ghAk tjk MFk.

tvdw Neujjiy xU Fljjiasd VNJDk xU FWFFntlLggugG toahf ghAk
kdJdfsfsd efu kdD}Ilk Q vdy mffljjay ghAk kidNdhllk vdgJd
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| = % MFk. vdDk xU fljjay kdJdfsfsid XIlk vgNghdk khwyaht
,Ugggiyny. vdNt nghdthf kidNdhlljij gdtUkhW tiuaiw nraayhk.

bR
Dt

I ruhrhy =

,qF AQ vdgJd At vDk Neu ,ilntsjayy fljjiad VNJDk xU FWFfF
ntlLggugG toahf ghAk kdJfsfsd kdD}III msT MFk Neujjijg
nghtWjd kd Jfsfsd ghaT khwdhy> kdNdhlIIKk Neuj i jgnghUjJ
khwwk 8 1Ak. vdNt kdNdhllk vdgd ruhrhy kdNdhiljjid vyisy kjgG MFk.
(At — 0)

= lim DQ _dQ

kidNdhl1jjid SI myF Mkgah (A) MFk.
1A = i

1s
xU $Y}k kdD}Ik nfhzl kdJdfsfs xU tidhb Neujjiy nrgFjjhd
FWFfFntlLggugagf flejhy VwgLk kidNdhlINk xU Mkgah kidNdhllk MFk.
kidNdhl 1k vdgd JNfyh msthFk.

vLjIfmiL

xU jhkuf fkgay 1 ekl jjwF 120C kdD}I 1k nfh=z1 kdJfsfs ghaejhy
fkg toNa nryYk kidNdhlljjd kjigig fh=Ff

JjhT
Tkgay kidNdhllk [kidJfsTsid ghAk kK]

1= Q=120 5
t 60

kuG kdNdhllk

(kuG kidNdhI1jjid jiir kwWk vyFluhd ghAK jiir)

xU kdRwwy kidNdhilk ghAk jpiaria RIbffhll mkGFFwfs
gadgLjjggLfidwd. kuGggbh> kdRwwy  kidNdhlilk Nehkid  thayUed
vjhkidthAfF ghAk. ,ej kdNdhlINk kuG kdNdhlilk myyJd kdNdhllk
vdggLk. ,kkuG kidNdhlljjid jiarNa Nrhyid NehkidJfs (Positive test charge)
nryYk  jiirahFk. Mdhy kidRwWFs)y cz ikay vy TffluhdfNs
vjhkidthayyiUed NehkidthafF ghafidwd. vdNt vyfluhdfs nryYk jiirAk
kuG kidNdhiljjid JiarAk vjih vphjpieray ,y cssthW mikhdwd.

f=)j hjiahft ghhjjhy NehkidJfsfs xU jiiray nrytJd mjwFr rkkhd
kdD} Ik nfh=zl1 vjhkdJfsts vyhjpiaray nrytjwkFr rkkhFk.

kidNdhlTkhdJ kdfy mLfFfshy kILk cwgjj) nraaggLfidwd vdgjiyny.
,avifay VwgLk kddyntlL kffFWHha Tthyjjy kf mjf kdNdhiljnj
VwgLjJk. kiddyidNghd> NkffgfSTFk jrufFk (GofFk) kf mpif msT
kddOjj NtWwghL NjhdWtjhy NkfgfsyyiUed jJuufNfh (GofF) myyJd
JiuayyilUed NkFjIfNfth kdJfs ghatwd.

>, OgG i rNtfk
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fljjfsy ,UFFk flLwh vyFfluhdfNs kdD}Iljij vLjJIrnryYk
ChjifshFk. ,ej vyflundfs fljj) KOtJk vsyjyyy ,aqfi njhlhed Nehkd
madifs kJ NkhJk. ntsigbw kidGyk (External Electric field) ,yyhj eiyay
vyfluhdfs nttNtW jJpiirfsyy nryfidwd. vdNt mtwd jparNtfqfSk
nteNtwhdit ntsigbw kdCyk ,yyhj eiyay ruhrhjahf VNJDk xU
Jiiray gazifFk vyflundfsd vzzFfifahdd mjwF vjhjjiiray
gazifFk vyfluhdfsid vzz Fi ffF rkkhf mikAk. vdNt vej JiniraYk
vyfluhdfsid efu ,affk ,Uggjiyiy. vdNt xU Fljjay ntsigéw kdGyk
,yyhj enyay efu kdNdhlIKk ,UffhJd.

fljjiad KidfSThilNa kdfy mLFif ,i=jJ kddOjj NtWwghlil

®
cuthffidhy fljjiaaDs kdGyk E cUthffggLk. ,ej kdGyk vyfluhdfsid
kd tiarma VvwgLjjp kidNdhlljsj cUthfFk ,gF kdGyk vyfluhdfis
KLfFk Mdhy madifs vyfluhdfis njwbjJd vyfluindfsd ,aff jjiria
khwwk. vdNt vyfluhdfsid ghij FWFF neLffhf mikAk. ,ej Nkhjyd
fhuzkhf VwgLk FWFF neLfF ,affjJdld $Ljyhf vyfluhdfs fljj; toNa

®
E.,d jiairfF vjhjpiray xU Fwggll parNtEfjjiy nkJthfr nryYk

madifs

vej xU nghUSk vyFfluhdfs kwWk GNuhllhdfid rkkhf vzzfifay
nfh=zL eLeiyj jdikAld mikAk ntsfflby css vyfluhdfs mZit
tlL ntsNawdhyy mJ FflLwh vyffluhdhf khwy kdNdhiljej VwglLjJk.
ntstll vyfluhid ,oej] mZ mjF NehkidD}Iljij nfh=zbUFFk. vdNt
mJ Nehkd mad) vdggLk. ,ejJ madfs FlLwh vyFfluhdfis NghdW
Rjejukhf ,aqf ,ayhd.

vyfluhdid ruww ,affKk> ,0gGj jii rNtfKk

,eJJ JiarNtfk ,0q9Gj) JiarNtfk L(Z vdgLk. vdNt ,OgGjjiarNtfk

vdgd fljjay css vyflihdfis kdGyjjwF clgLjJkNghd miEt ngWk
ruhrhiy gierNeEfk MFk. mNjNghy ,U muijij NkhjyfSTHElggll ruhrh

Neuk vdgJd ruhrhy JshT Neuk t vdggLk. E vdw kdGyj jidhy vyfluhd ngwWk
KLffk a vdy

r - e ul u
a:%E (Vnddlyy F =-¢eE)

,OgGj JiirNefk o

Vg =at

r g

Vd:EEE
m

bd=—mE
,gF m:% vdgJd vyflihdfsd ,aff vz MFk. ,aff vz vdgd xuyF
m
kidGyj jidhy VwgLk ,OgGyjiarNtfjjid v=zkjigé MFk.
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id SI myF m2y-ist

xU Fljpayy ,09G jJimrNtfjjid nghdthd kjigG 104 ms! MFk. ,ej
kifrrwa jinrNtefjjry vyflundfs nrdwhy kd Rwwy css kd tstirf
mila gyk=z} Neuk MFk. gwnfggbh kidfyjjd Julir mOjjaTld kd
tstF xshfwd? kd fyjjd JulrR ,affggllTld vyfluhdfs
kdfyjjid vjh kd KidayUed tiyfi efhed mUfiYss vyfluhdfs kJ
girsa VwgLjJdk. ,eefoT TFTljj) toNa xsjad parNefjjiy nryYk
kdGyjij cUthfFk. mjhtd kdfyjjyiUed Mwwyhdd kdtsTfiwF
xsjad jJiarNtfjjy kdGyjjd %yk gquTfwd. ,jd Thu=zkhf Jolir
,affhaTld kd tsfF xshfwd.

kidNdhilk gwa jtwhd FUJIFs;

1. kdfyk vyflundfis kdRWWFF msffwd vdw xU fUjJ eyTfwd. ,J
KwYk jtwhdd. xU kidfyjij fkgad ,U KidfSthrlNa , 1 =zfFk
Nghd> Tkgay css vyfluhdfNs kdNdhliljij cUthfFk. kdfykhdJd
fljJk fkgay kddOjj NtWghlal ewtt mjyd %yk ,ej vyfluhdfis
Fwggll jJiirazyy ghar nrafwd. ,ej kiddOjjNtWghlbd %yk NjhdWk
kd Mwwyhdd kdtisTfP kdtinw Kjyatwwy gadgLfwd. ,NjNghy ekJd
tLfsy css kdrhjdgfSTF Njitahd kddhwwiyjjhd kdrhu thhak
togFfwd.

miyNgriia gadgLjJkNghd gdtUk thfflagfis ehk mdwhlk
gadgLjINthk. mit “vdDila miyNgn kdfyjij kdNdwwk nrafiNwd”
(Charging the battery in my mobile) kwwk vdDila miyNgrn kdfyjjy
kdJdfsfs ,yiy” (My mobile phone battery has no charge)” ,J Nghdw
thfflaqfs jtwhdit

miyNgrn kdfyjjry kdJIfsts ,Yiy vdW nrhytjd nghUs
‘kikdfykhdJ Mwwiyj  Ju ,aytyily myyJ kdRwwy  cCcss
vyTlhihdfSTF kddOjj Ntwghlsl jJu ,aytyiy” vdgjhFk NkYk
“miyNgr; kidNdwwk mialfiwd” (mobile is charging) vdgjid nghUs
miyNgriaad kdfykhdd (Battery) AC kddOjj %yjjiyUed Mwwiy
KILNk ngWfwJd vyflundfis myy vdgNj MFk.

kidNdhiljjid E=; khjh (Microscopic model of current)

FWFfF gugG A nfh=zl TFfljjlasy kdGyk lI‘E MdJ tygGwj jiyiUed
, 13Gwkhf nraygLfwd vdf. NkYk XuyF gUkdy css vyflundfsd
vzzifFif n MFk NkYk mit midjJdk rkkhd ,0g9Gj jparNtfk

venth=zL ,aqFfidwd.
vyfluhdfsid ,OgGjjiarNtfk =vgdtvDk rwa Neu , iIntsjay vyfluhdfs
dx nghayTFfF efhfwd vdy

X
v, :(;—t; dx =v,dt
fljjad FWFFntlLgugG A vdy» ,ggUkdyy dx esjjiy css vyfluhdfsid
vzzfif
= gUkd x xuyF gUkdyy css vyfluhdfsd vzzifif
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= Adx x n
css dx kjigng rkdghL gujial
=(Avgdt)n
xU kfrrwa gUkdy (Volume element) css kdJfsfsd nkhjj kdD}k
dQ = (kdD}11k) x (QUkF $wy css vyfluhdfsid v=zz=zifiT)
dQ =(e) (Avgdt) n
vdNt kdNdhllk :C;—?

I = ne Avy

kidNdhIl mihgi ()

kidNdhil mlhjj) vdgd fljjpad xuyF FWFFntlLg gugG toahf ghAk
kidNdhi 1] jiJd msthFk.

J:L
A

kidNdhll mbhj pad SI myF AZ mjhtd Am=2
m

_heAy,

A
J = nevy
Nkwf=z1 rkdghL vdgd kdNdhiljjid jpiirahdd gugG A twkF nrgFjjhf
,uejhy KILNk rhahf mikAk. nghdthf kdNdhlil mlhjg xU ntflh
msthFk. ,jid gEJdtUII(hW Fwgglyhk.
. J =nevy
yiUed vi. d kjigig gujalyhk.
r pn-e?tWu
J:n etE
« 0
J=-sSE
,Jtiu ehk vyFluhdfs nryYk inriaf Jfzfhy vLjIT nfhzNlhk
mjdhyjhd NkNy css rkdghlby J MdJd E fF vjhjjiiray mikfwd.
Mdhy  kuGggb> kidNdhll mlihjjjaad jpiarahdd NehkidJfs nryYk
JiiraNyNa (kdGyjpd  jiar) miakAk. vdNt Nkwfz=l gdtUkhW
vOjggprwJ.u .,
J=sE
2

,gQF s= ne‘t vdgJd kdfljJ v= vdggLk. Xk tjasd Ez tbtk MFk.
m

J

kdfljJd vzzid jiyfo kjoG kdjial v= (p) MFk.
r:l: nl
S net

kidNdhIl mlIhg g xU ntflh msT. Mdhy kidNdhilk xU JNfyh msT vd?
nghdthf kdNdhilk | vdgd kdNdhil mlhjg kwwk kdJfsfs ghAk gugG
ntflh Mfatwwd GssigngUfTfk uI\ﬁIFk.

I =J.A
NkwgugG A tid nrqFjJ ntfihd jiarmag nghwWjJd kdNdhlilk | MdJ
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| NehfFw myyJ vjhfFwiag ngWk.

kidNdhllk xU JNFfyh

Xk 4y
Xk tjahdd J=oE vdw rkdghlbyUed ngwggLfwJd. | esKk A FWFF ntlL
gugGk nfh=l1 fkgad xU gFjiia fUJINthk.

fkgad KidfsSthilNa V vDk kddOjj NtWghlal msFFk NghJd»
Tkgay efu kidGyk Njhdw kidNdhlljij cUthfFk fTkgad esk KOtJk
kidGykhdJd ruhdjhf cssjhfft fUjidhy kddOjj NtEWghL (NEhyNI[) V 1a
gdtUkhW vOjyhk.

V =El
kidNdhll mlhjjilaad v=zkjigG

J:GE:O'!

I
mNjNghy J :LA vdNt gdtUk vOjyhk.

Nkwf=1 rkdghl il khww m i kFFkNghd> ekfF Hi lggJ
gl o

v=1&10
Y

\
, rrkdghlby ﬁ vdgd fljjad kdjsl R MFk. ,jiyiUed ehk mwtd> xU

fljjjad kdjilahndd Ffljjjad esjjwF NehjjfoayYk mFFljjiad
FWFfFntlLg guggwF vjhjjfoYk mikfwd vdgNj. vdNt Xk tjad
gadghlL tbtjij gdtUkhW vOjyhk.
V=IR
NkwF=1 rkdghlbdgbh> fljjiaad kdjil vdgd Ffljjiaad KidfSfhilNa
css kddOjj NtwghlbwFk Ffljjiaad toNa kdNdhlljjwFk css
JTthFk
Vv

I
kd jilad SI myF Xk () rkdghL %yk ehk mwtJd> kdNdhllk kwWk
kddOjj NtWghlbwFk (NEhyNI[) , mlggll tiauglk xU NehfNfhlhFk. ,ej
NehNFfhlbd rhaT kdjal R d jJiyfo KjigcfFr rkkhFk.

xU nghUsd kJ nryYk kdNdhllk kwWk mgnghUsid FWFNF css
kddOjj NtwghL MHa ,u=zbwFkhd tiauglk NehfNfhlhf miukejhy>
,gnghUlfs Xk tjifF clgLk nghulfs MFk.

kidNdhl Ik kwWwk kddOjj NtWghlbwfhd tiauglk NehNfhlhf miukahky

rnffyhd tbtyy ,Uejhy ,ttif nghUlfs myyd fTuUutfs Xk tjfF
clgLtjiyiy. NkYk ,ttif nghUIFSTF kdjil khwymahfTk mikahd.

kdjil v=
xU Fljpad kdjil
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vd KdgFjayy fz=zNIhk. ,qF o vdgd mffljjad kdfljJd v=z MFk ,J
fljj) nraaggadglLk nghUsid jdikia KkILNk rhhejd. Mdhy Fljjpad
ms itNah tbtjijNah nghWjjJd myy.

XU nghUsid kdjil vz vdgd mjd kdfljJd v=zz=zid juayfo KjigGfFr
rkkhFk.
r=l
s

R:rl
A

vdNt xU nghUsid kdjslahdd mjd esjjwF NehjjftiYk. mgnghUsid
FWFF ntlL guggwF vjhjjfoYk mikAk.

NkNy fThZk rkdghlby css jJfT khwy p MdJ nghUsid kdjil vz
vdggLk.

I=1mkwwk A=1m2vdy kdjil R=p MFk. ,jid Newtjkhf $wdhy
nghUsid kdjil v= vdgd XuyF esKk XuyF FWFF ntlL gugGk nfh=l
fljjiahdd kdNdhlljjwF msfFk kdjil MFk. ,jd SI myF Xk - kllh
(€2m).

kdjil vzizg nghUjd nghUlfis TFfljjfss Fiwffljjfs kd
T1jjhgnghUlfs (Insulators) vd tiafgglLjjyhk Fljjifs kff Fiwej kdjinl
vzizAk kdfljjhgnghulfs kf myf kdjil vz=zizAk kwWk
FiwfFljjfsd kdjil v=z fljjfis tl mjfkhfTk Mdhy kdfljjhg
nghulfis tt FiwthfTk mikAk.

ny FTljjfs kdfljjhg nghUlfs kwWwk Fiw Ffljjifsd kdjsl vz=fs
JugglLssd.

gyNtW nghUlfsd kdjil v=

nghUlfs 200C y kdil
vZ p (Qm)
kidfljjhg nghUlFfs (Insulators)

Ja eh 2.5 x 105
f=z=hb 1010 - 1024

fbd ,uggh 1013 - 1016
Nrhbak FNshruL 1014

cUfa Fthhl} 1016

Fiw Fljjifs (Semi - conductors)

n [ hkhdiak 0.46

nyrffhd 640

Tfljjifs
(Conductors)
ntss) 1.6 x 108
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Jhkuk 17 x 108
mY kidiak 2.7 %108
Iglid 5.6 x 108
, UKG 10 x 108

kdij clywy mjif msT eh cssjhy kdjnl Frwthf
HIljjIl 200 Q msNt ,UFfFk. NkYk cyhej Njhyid
kdjal k¥ mjfFkhf FILjjIl 500 k Q@ msT ,UFFk
Mdhy Njhyhdd <ukhdjhf ,Uejhy kdjilad KkjigG
Fiwed HIIjjIl 1000 @ msNt ,UfFk. vdNt kd
, 1ZgGfFis <ukhd i FFSId njhLtJ kfTk MgjjhdjhFk.

kidj i lahffifs njhlhi =zg6 kwwWwk gff , i =dG

xU kd Rwy kf mjf vzzififay kdjilahffifs gyNtw tofs)yy
, 1 ZTFfgglbUfFk. xtnthU tif kdRwYk kdjrlahffifsid , 1 ZzggwNfwg
njhFgad kdjrlsa ehk f=zfflyhk

,uzL myyd mjwF Nkwgll kdjnlahffifs xdwdgd xdwhf ,1=ggJd
nghlihi =zgG MFk. , 1t vsja kdj i lahffifshfNth myyJd kdtisfFfshfNth

(light bulb) myyJd ntggNkwWk rhydgfshfNth myyJd NtW kidrhjdqfshfNth
m i kayhk. Ri;, R kwWk Rs Mfla kidj i lahffifs njhlhi =zggy cssd.

kdJfsfs kdRwwy vgFk Nrfukhfhd vdgjhy Ri y ghAk mNj msT
kidJdfsfNs R; kwWk Rs; toahfTk ghAk. vdN® vyyh kidj i lahffifs) Yk xNu
msthd kidNdhlINk (1) ghAk.

Xk ©jiggbh xNu msTss kidNdhllk njhlhi =Zzggy css nteNtW kjigGila

kdjalahffifs toNa ghAk Nghd> kdjilahffifsd FWINF cUthFk
kddOjj NtWghLfs khWgLk.

Vi, V2 kwWk Vi vdgd KiwNa Ri, R: kwwk Rz kidj n lahffifsyy FWINF css
kddOjj NtWghLfs (NthyNI[) vdiy» Vi =IR1, V2 = 1Rz Vi = IRs MFk. Mdhy
nkhjj kddOjj NtWghL V MdJ kdjirlahffifsid FWENF css jdjjd
kddOjj NtWghLfsid $BLjYTFFr rkkhFk.

V=Vi+V2+V3=IR;1 +IR2 + IR3

V =1(R1+R2+Ra)

V = IRs
»,gF Rs vdgJd njhFgad kdjiliaf Fwffiwd.

Rs=R1 + R+ R3

vdNt gy kd jilahffifs njhlhi=zggy cssNghd> nkhjj myyJd njhFgad
kdjilahdJd jdjjd kdjilfsd $LjYTFFr rkkhFk.

FwgG: njhlhi =zggy css kdjilahffifsid njhFgad kdjalahdd jdijjd
kdjalfsid kjigefas tl mjfkhf mikAk.

gff , i=zggy kdjilahffifs
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xU kddOjj NtWghlbd FWFNFT gy kdjalahffifis ,1=zjjhy mit gff
, 1Zggy cssd vdyhk.

,tti f RWWFs)y kdfyjjiyiUed ntsiNaWk nkhjj kdNdhilk | MdJ %dw
ghljfspy ghfiwd. Rz, R2 kwWk Rz toNa ghAk kdNdhllqfs KiwNa Iy, |2

kwWwk 1z vdf. kdD}IIgfsd khwhtijiggb nkhjj kdNdhlilk | MdJ
,kkidj i lahffifs toNa ghAk kdNdhllgfsid $LjYFFr rkkhFk.

I=l1+1+ 13
NkYk xtnthU kdjrlahffifFk FWFNFAK css kddOjNtWghLk rkk

vdgjhy> xtnthU kdj i lahfifFk ehk Xk tjima gadglLjjyhk.
I

'3

,Kkjigcfis gujal

gff ,i=zggy kdjilfs

L

1 1 1
=+ 4+
R. R R, R
.QF Re vdgd gff ,i=zggy css kdjilanffifsid njhFgad kdjil
MFk. vdNt gy kpdjllahffpfs gff ,i1=zqggy ,1=zfTfggLkNghd> jdijjd
kdjilfsd jiyfo Kkjgcfsd $Ljy> nthgad kdjslad jiyfo
kJigGFFr rkk.

FwqgG:

gff ,1=zggy kdjrlahffifs , 1 zffggLk Nghd njhFgad kdjul jdijjd
kdjulfsd kjigig ©wl Faiwthdjhf ,UFFk
rhj

tlL cgNahf dgfs vgNghdk gff zgogy , izTfgglbUfFEk.

,1Z
mgNghJdjhd Vjhtd xU rhjdk gOjalejhy miujjjthjd kww rhjdqfs
Ntiy nraAk

fthhgd kidj i lahffifs)y ewfFwalLfs,

thhgd kdjilahffifsyy ggfhd cssTjjid kJ nkyya fhhgd gbfTk
thhffgglbUfFk ,ej kdjmlahffifs nryT FiwthdjhfTk rwa mstYk
ezl ehs ciofff$badthfTk mikfidwd. kdjilahffifsd kjigigffhd
mjd kJ tiauaggll ew tisagfs gadglLfidwd.

Kjy ,uzL tisaqfs kdjilad Kffla vzZUTffshfTk %dwhtJd
tisajjwFha vz FwalL gjjid mLFF ngUffyhfTk miukAk. ehdfhtJd
tisak kdjrl khWgLk ms it (Tolerance) FwfFk.

kdjiIfs)y ew tisaqfs
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<
N

khWgLk
(tolerance)

OOo|NOO|B|WINIFPLIO

5%
10%
20%

ehdfhtd tisak , Ik ngwtyysynady khWwgLk msT 20% MFk.

kdjalahfhay Kjy ,yffFk =5 (griry ,uzlhtd ,yffk =6 (eykp
gjgbkhd nguUffk = = 103 (MuQR) kwWk khwWwgLk msT = 5% (jqgfk).
kdj i lahfhaad KkJigé =56 x 103 Q myyJ 56 k Q kwwk khWgLk msT 5%.

kdjyalfsid ewfFwaLfis fthZk Nghd %dW tisaqfs css gFj) ekfF
,1J Gwk L,UFFkhW #§t¢jIdfnfhss Nt=zlLk kdjilfsyy cNyhft ew
tisaqfs ,1J Gwkhf ,UFFhJ.

ntggejiyiar, rhhej kdjil v=
nghUlfsid kdjil vz ntggejsymar rhhed mikAk. guej ntggemy
neLFrqfSTP fTljjifsyy ntggeiiy caUkNghd kdjil v=z mjfhfFk v=
MaTfs %yk e&gffgglLssd. ,jid gdtUk rkdghL %yk mwayhk.

pt = po [1+a(T-To)]
,qQF prvdgd T°C ntggeiiyayy kdjil v=z> po vdgd Tontggeliyay mjd
(ck 20°C) kdjual v=z kwWk avdgd kdjil ntggeny v= (Temperature
coefficient of resistivity) MFk.

kdjal ntggeiy vz vdgd xU bfinh ntggeiiy cahtyy VwgLk kdjial v=
mjFhiggwFk To ntggeliyay css kdjil v=zZfFk ,i1lNa css tf))
MFK.

yiued pr-po=apo(T—-To) vd vOjyhk.

gz i Or

ry(T-T,) nrT
,QF Ap =pr—povdgd AT =T -To vDk ntggeiiy khwghllhy VwgLk kdjul
vz khwghL MFk. ,jd myF /°C MFk.

FljjfSfrhd kdjil ntggeidy v= a
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Tl fSTF a NehfFwARlad. TFljjifsidd ntggeny myfhfFFk Nghd
fljjlay css vyfluhdfsid ruhrh ,aff Mwwy mjfhvfFFk. , jd tiisthf
Nkhjyfsid vzziFif mjfhjd kdjil v=zZk mjifhrfFFk.

FljjfsiYk cNyhfgfisg Nghy guej ntggeay msTFSTF kdjil vz

Nehtifijj jJdikAld (linear) ,UggDk kffFiwej ntggenyfsyy Neh
tvhjkwwj jdiakAk fh=zgglLk.

ntggeiy Kjigg jJdirRo ntggeiyia (absolute temperature) neUqFkNghJd
kdjil v=z xU Fwggll tavawffggll kjigigg ngwWk.

r:RTA vdw Nfhitia gujallb xU Fwggll ntggeiyay Ffljjad
kdjslma gdtUk rkdghlbd %yk Fwgglyhk.

Rt =Ro [1+a (T-To)

kdjal ntggeliy v=zi=g ngwyhk.
Ry =R, =aRy(T -T)
R -R, _1DR

a_—
R,(T-T,) R,DT
_ 1 DR

R, DT
,gF AR=Rr-Rovdgd AT =T -To vDk ntggeiiy khwwjjiy VwgLk kdjul
khwghL MFk.

FiwFljjifsd a kjgc

Fawfljjifsyy ntggeiny myfhjjhy kdjsl vz FiwAk. ntggeny
caUkNghd Fawfljjifsyy kdNdhllk gww tthffgglLssd. Fiwfljjad
mZffsy ,Ued mjf vzzifFifay vyfluhdfs tiLgLk.

,jdhy kdNdhlIKk mjyfhvfFFk. mjdhy kdjal FriwAk. vjhfFw
ntggeny kdjil v= cila Fiwffljjahdd ntgg jilafk
(Thermistor) vdggLk.

nghUlfsd kdjil ntggeiy v=zfsd kjgGfs jugglLssd.

nghUlfs kdjsl ntggeiy vz
a[("C)?]

ntss) 3.8 x 103

Jhkuk 3.9 x 103

Jafk 3.4 x 103

mY kdiak 3.9 x 103

Iqlild 4.5 x 103

- UKG 5.0 x 103

gshibdk 3.92 x 103

Tthhak 3.9 x 103
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e/fNuhk 0.4 x 103
Thhgd -0.5 x 103
n[hkhdiak 248 x 103
nyffhd -75 x 103

gdtUk TFfUjjd %yk kdjal v= ntggeayia rhhed ,Uggij Ghed
2
nfhssyhk. kd Fl1jJ vz s=”‘:nt vdf Fz=NIhk. kdjil vz MdJ ¢ td

jiyfo kijigghFk. ,jid FoffzlthW vOjyhk.

m
r=—;
net

nghulfsd kdjsl v=z MdJ.

1. vyfluhdfsid v=z mlhjj) (n) fF vjhjjfoy mikAk
2. NkhgYFF , mlggll ruhrhy fhyjgwF (t) viihgjftiy miakAkK

fljjiasy ntggeimy mjfhiFFk Nghd t Fawfwd> n khwyiaht , Uffiwd. Mdhy
Fawffljjay ntggeny mjyfhhwfFFk Nghd n mpfhfFfiwd Fawfwd. ,qF =t
Fiwitol n,d mpfhgGc MjifFfk cssJ vdgjhy xILnkhjjkhf kdjial v=
F iwAk.

xU ny nghUlfsid ntggeayahdd xU Fwggll ntggeaiyfF fNo
FiwAkNghd mjd kdjal v= RoahFk. ,ejJ ntggeiyahdd khWeiay
ntggeliy myyJ ngahT ntggeliy vdggLk ,ej efotysd ntsiggLjJk
nghUlfs kfFfljjifs (Superconductors) vdggLk. Kjd Kjyiy 1911 y Thkhyiq
xd] vdgth ghjurkhdd 42 K ntggeayay kffljdk jdikia
ntsiggLjJdtajt f=lwejhh. ,ej kffljjifsyy kdjal R =0 vdgjhy ,Jiy
xU Kiw nrYjjggLk kdNdhllk vttty kddOjj NteWghLk ,dw
JaqhauUfFk.

kd RWWTs)y, Mwwy, kwWk jwd

fljjlad KidfsSfhilNa kdfyjij , i1 =fFk Nghd> kidNdhllk ghafwd.
kdRwwy , m=zffggll fTUtfF kdfykhdd Mwwiy msffwd. kddOjj
NtWghL V nfh=zl kdfykhdd kdj s lahffiAld , i zffggll kidRwW

dQ kidD}Ilk css Neh kdJfsfshdd Gss) a tiyjlUed b fF kdfyk

toahfTk Gss) ¢ yjUed d fF kdjilahffi toahfTk efhed k=Lk Gss) a
it milgjhf nfhsNthk.

a tyled b fF kdJfsfts efUkNghd ,kkdJdfsfshdd dU = V.dQ msT
kddOjj Mwwiy ngWfwd. ,jdhy kdfyjjd Ntj) kddOjj Mwwy ,Nj
msT Fiwfwd. dQ msT kdD}llk css kdJfsfts kdjilahff) toahf
ghaed a 1t milAkNghd kdjilahfflay css mZffsid kJ Nkhj dU
msTss kddOjj} Mww 1y , ofFfwJ. kidfykhdJd> kidRwwry
, 1ZzFrgglbUfFk tiru ,eegfothdd njhlhed emlngwwWw nfh=zbUTfFk
kdJdfsfs kdjilahffiay vttsT Ntfjjiy kddOjj Mwwiy ,offwJ
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kddOjj Mwwy msiffgglLk tjk kdjwd P vdgglLk.

dt dt dt
I:dd—? vdgjiyiUed rkdghL gdtUkhW khww vO jyhk.

P=VI

,gF 1 vdgJd kdNdhllk kwWk V vdgd kdrhjdjjd FWINF css
kddOjj NtwghL MFk. Nkwf=zl1 rkdghL kdrhjdjjwF kdfyjjd %yk
msiffggllj jwdid kjgG MFk.

kidywdid SI myF thl (IW=1Js1) €t=/F ujjaht ekd ,yyqfslyy gadgLk kd
gyGfsyy FwgglLss jwd kwWk kiddOjj NtwghL Mfiawwd kjigGfs 5W -
220V,30 W -220V, 60W -220V MFk. , 1tfs filfgy fHilfhdwd.

.€] gyGfsyy FwgglggLk kddOjj NtWghLfs nghdthf RMS khWjiar

kiddOjNtWwghl s INa (RMS AC Voltage) FwfFk. FwgggglLss kddOjj
NeEwghlal tl gygd FWENF mjf kddOjjk nfhLffggllhy kdgygd

, 10 J=zbffgglLk (Fuse).

Xk tjia gadgLjjr kdjsl R FfF msffggLk jwDffhd rkdghlil
gdtUkhW vO jyhk.

kdjilay cUthffggLk (ntsNawk) kdywdid msT P = 2R MFk. ,jd
%yk ehk mwtd> kdjwdhdd kdNdhiljjid ,Ukbia nghWjjJ. vdNt
kdNdhiljij ,Uklgfhfhiidhy kdjwdhdd ehdF klqgfhFk. kddOjj
NEWghlbwFk ,ej tistfk nghUeJdk.

xU kdrhjdk gadgLjJk nkhjj Mwwiyg ngw mjd jwd kwWk mrrhjdk
,agFk Neu mstid ngUfFj njhifia th= Nt=zLk jwd thl (W) vdw
myfiYk> fhyk tehbayyk mstlggbtjhy Mwwyhdd Thyk tehbayYk
mstlggLtjhy Mwwyhdd [{y vdw myfiy FwgglggLk. emlKiway kd
Mwiry mstil fNyh thl k=i (kWh) vdw myF gadgLjjggLfiwd. 1 KWh
vdgd kd Mwwyid 1 myF (one unit) MFKk.

(1 kwh =1000 Wh = (1000 W) (3600 s) = 3.6 x 108))

jkioehL kidrhu thhak ehk gadgLjJdk kd MwwYTffhd FTll=ji1]
ngWfwNj jJtu kdjwDFffhd Fll=zk myy. IV kddOjj NtWghlbdhy 1 A
vdy cUthFk jwd 1W MFk.

kdfyqgfSk kdfyj, njhFgcFSk

kdfyk vdgd Ntjy Mwwiy kd Mwwiy kd Mwwyhf khww kidNdhiljnj
VwgLjJk rhjdk MFk. ,jiy ,U kdj=zLfs kdgFjay (electrolyte) %of
1 tffgglLssij fth=zyhk
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kidfyjnjhFgG (Battery) vdgd gy kdfyqgfs (Cells) , mz=zffggll miukgG
MFk. xU kdfyk myyd kdfyjnghFgig ,1=zfFkNghd> vyfluhdfs
vjhkdKidayUed Nehkid KidfF kdRwW toNa ghAk. Ntj) tidfsd
%yk kdfyjnjhFgé myyJd kdfyk kdKadfSThilNa kddOj j

NtWghl il cUthfFk ,ej kddOjj NtWwghNl vyfluhdfis kd Rwwy
efhjj NjstggL,k Mwwiy msifFk. t=z/F ugjahf FTilfsy HilfFk
kdfygfs kwWk kdfyjnjhFgcFis fhilLfwd.

kd ,afF tir kwk mf kdjil

xU kdfyk myyJd kd fyjnjhFgé vdgd kddiafF tiar (emf) %ykhFk.
kddiafF ©wir vdgd czikay tirayy. ,J kddOjj NtWghlbd myfthd
NthylbNyNa FwffggLfwd. xU kdfyk myyJd kdfyj njhFggy css
kddiafF tir vdgd Gwr Rwwy kdNdhilk ghahy Nghd mjd
kdK1dfSfF , 1INa css kddOjj Ntwghl sl Fwffwd.

kiddiafF tir vdgd kdfyj njhFgghdd kdRwwy xuyF kidD}llk nfh=l
kidJdfsftis efhjj NjitggLk Ntiyad msitf Fwffwd. ,jd FwalL e
MFk. xU ,ylna kdfyjnjhFggd mfkidj il Ro (Internal resistance)

MFk. vdNt kdfyj njhFggd kdKidfSthilNa css kddOjj NtWghL
vdgd mjd kddafF tirfF rkk. Mdhy e lKiway xU kdfyj njhFgghdJd
kdj=zLfs (electrodes) kwWk kid gFsjahy (electrolyte) MdJ. ,jdhy

kdfyjjDs kdJdfstsd XiljjwF jal ,UfFk ,ej kdjilINa mfkdjual r
vdggLk. vdNt erilKiway css kdfyj njhFggy kdKidfSThilNa css
kddOjj NtWwghL kiddiafF tiirfF rkkyy. Gjiaght cUthffggll kdfyjjd
mfkdysl Frwthf ,UfFk. mjd gadghL myfFf myfhff (ehshf)
mfkdj sl mjyfhFFk.

mfkdjiliaf f=FALJy
cssthW kdRwwy , 1 ZzgGfs juggLfwd.

kdfyjjd kddafF tir ¢ 1 fzlwa mjd FWINF cah kd jil nfth=l
Nthylkllh ,i=zffggLfwd. ,qgF Gwkdjilahffi R ,iz=zffgglf$sihd.
Nthylkllh kff Fiwej msNt kdNdhliljij vLjIfnfhstjhy ,rRwW jJwej
Rwwhf FfUjggLk. vdNt Nthyl kllh fhlLk msT vdgJd kdfyjjd kiddafF

tirad msNt. R vdw Gwkdjilahffima kdRwy ,izjjhy | vdw
kidNdhl Ik Rwwy cUthffggLk. NkYk R d FWFNF css kddOjj NtWghL
kidfyj jid

kdfyjjid mfkdjail FWINF css kddOjj NtWghlbwFr rkkhFk
(kiddiafF ©irfFr rkkyy).

R kdj i lahffiaadd FWANF css kddOjj NtWghL

V=IR

mfkdjal r d fhu=zkh® Nthyl kllh fhlLk V d Kkjigé kddiafF tir ¢ 1

vl Fiwthf ,UFFk ,jwF fruzk Ir vdw kddOjj Ntwghl r ,d FWFNF
VwgLENj MFK.
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,jdhy V=¢-1Ir
Ir=¢-V

Ir _e-V

RV
_ee-Vi
VAN
e, V kwWwk R MFaitfsd kjigefs njhAk vdgjhyy mfkdjil () 1
f=FhAlyhk. mNjNghy kidRwwy Css nkhjj kdNdhllj i jAk F=Fhlyhk.

r R

mf kdjsl fhu=zkh kdRWWFF msiffgglk jwd kdfyjnjhFgagy
FwgglgglLss jJwDTF rkkhf ,Uffhd. msT kddafF t©irAk r msT

mfkidj 1 1Ak nfh=z1 kdfyk R kdjil nfh=zl kdRwWFfF msifFk jwDffhd
Nfhit kdtUkhW vOjggLfiwd.

P=le=1(V+Ir)
,qF V vdgd R d FWFNF css kddOjj NtwghL. ,3J IR fFr rkk.
vdN® P =I(IR +1Ir)
P=12R+12r
,gF 12r vdgd mfkdjilfF mgffggll jwd kwWk 2R vdgd R vdw
kidj i IfNfh (myyJd) gadglLjjgglLk kd rhjdjjwNfh msFfggLk jwdhFk.
il

xU rwej kdfyjnjhFggwF mfkd kif FEIwT vdgjhy I2r << IZR MFKk.

3 r
vdhNt flljjll xILnkhjj jwDk kdjal R fF msiffgglLk.

kdfyqgfs njhlhi =dG:

gy kdfyqgfs ,1z=zffgglL kdfyj njhFgG cUthffggLk. njhlhi=zggy Kjy
kdfyjjid vjh kdKid ,uzlhtd kdfyjjd NehkdKsdAIDk ,u=zlhtJd
kdfyjjid Nehkd KidAIDk ,izffggLk ,i=Fffgglhj Kjy kdfyjjd
Nehkd Kid kwwk ,i=zffgglhj Ffilrn kdfyjjd vjh kdKidfNs
kdfyjnjhFggd kd Kidfshf mikAk.

mfkdjslAk ¢ kddafF tirAk nfh=l n kdfygfs R vdw
Gwkidj m lahfhHAId njhlhe =zggy , 1 =zffgglLssd.

kdfyqfs - njhli =zg6 kdfyj njhFggd nkhij kddafF tir =ne
kidRwwd nkhjj kdjal =nr+R
Xk tjiad gb kidRwwd kidNdhllk =

nkhj Jj kddiafF twir _ ne

nkhjj kdjiul nr+R
eiw (@) r<<R, vdy
ne

I =—»nl,

,gF vdgJd xU kdfyjjid VwgLk kidNdhllk

&' Ry
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vdht R Ig ngWwj3d r kfFfFFawthf OGowFFzff jJfF msT ,Uggd
kdfyjnjhFgG VwgLjJk kidNdhllk xU kdfyk vwgLjJk kdNdhlljsj NghdwW
n kIgF mikAKk.

gy (b)r>R,vdy | =

,J xU kdfyk VwgLjJdk kdNdhilk MFk. vdNt kdfyjnjhFggd
kidNdhl1Kk xU kdfyjjd kdNdhlIKk rkk MFk. ,eeiy gadwwd.

vdNt njhlha=zggy kdfyqgfs ,§1=ffggLkNghd kdfygfsid njhFgad
mfkdjal Gwkd jilia ©l kffrwa kjigghft cssNghd kILNk gaDssjhf
» UTFk.

gff , i=zggy kdfyqfs _
,1Zggy vyyh kdfyqfsd Neh kdKidfSk xU Gssay

, 1 ZzTffFggLk. ,NJNghy vyyh vjh kdKidfSk kwnwhU GCGssjay
,1zffggL,k. ,ejJ ,U GCssfSk KiwNa kdfyjnjhFggd Neh kwWk
vjhkdK idfshf mikAKk.

A kwk B GsgfSthilNa n kdfygfs gff ,i1=zggy R vdw
Gwkidj m lahfRAId , i zTfgglLssd.

kidfyj njhFggd njhFgad mfkdj il

izl+1+....% (n $WFs) =

n

r r r r

eq
req=%kdewwpd nkhjj kdjil = R+%.nkhjj kddafF tir vdgd A

kwwk B GssifSThilINa css kddOjj Newght MFk. ,J ¢ fF rkk.
Rwwy css kidNdhl 1k

€
I:r
~+R
n
ne
I_

r+nkR

ey (@Qr>R,vdy |

,QF R GwFFfziffjjff msT cssNghd 11 vdgd xNu xU kdfyjjidhy VwgLk

kidNdhilk. ,J E?g fFr rkk. vdNt kdfyj njhFggdhy R toNa VwglLk
g

kidNdhl Ik xNu xU kdfyjjidhy VwgLk kidNdhilyaj Nghy n klgF mikAk.

eliy (b)r<<R,vdy |=%
ehk mwtJd kdfyjnjhFggdhy vwgLk kidNdhllk xNu xU kidfyjjidhy VwgLk
kidNdhi1j jwFr rkk. vdNt kdfyqgfsid gff , 1=zggy ,1=zfFk Nghd Gwkd

JilahdJd kdfyqfsd mftkdjalsa ©wl Fiwthf ,Uejhy KILNk gaDssjhf
m 1 KAK.
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fthhyy Kfgé ttisfF vhAk emyay vd[iad ,afFk Nghd Kfgc tsthd
nghyiT rwd FiwAk. , jwF fhu=zk fhhy css kdfyjjd mfkd jul
MFKk.

HhFfh/g bjifs (Kirchhoff’s Rules)

Xk tj; vsia kdRWWFSTF KkILNk gadglLk. nffyhd kid RwWfsyy kdNdhllk
kwwk kddOjj Ntwghlal f=fHl fhffh/g tjfs gadglLjjggLfidwd. mit
1. fihfFfh/g kidNdhil tjy
2. Fhffh/g kkddOjj NtwghlL tj) MFk

firFfh/g Kjy i) (kdNdhiltj) myyJd rej) 4j)):

vej XU rejiaYk rejffidw kidNdhllqfsd Fwaiay $SILjnjhif (Algebraic
sum) RoahFk. ,J kdJdfsfsy css kdD}lIgfsd motdik tjad
mbggilaayy mikfwd. rejifsyy kdJdfsfs cUthffggLtNjh moeNjh ,yiy.
mjhtJd rejiasy E1o0Ak kdJIfsfs midjJk rejiia tlL ntsNawk. fihffh/g
Kjy tjimag gadgLjJdk Nghd repma NehfFfir nryYk kdNdhllk NehfFw
vdTk rejiia tlL ntsNaWwk kdNdhllk vjhfFw vdTk vLjJIfnfhssgglLk.

A rejifF ,ttjiia gadglLj]
li+lo=I3=14-15=0
myyJ

lh+l=ls3+ 14+ 15

fihffh/g ,u=zl1htJd tj) (kddOjj NtWghIL ©j) myyd RwW tj))

, thjadgb vejnthU %ba Rwwd xtnthU gFjaYk css kdNdhllk kwWk
kdjil Mfatwd ngUFfwgydfsid Fwajay $ILj njhifahdI> mej
kdRwwy css kddafF tirfsd Fwajay $SILjnjhiFFFr rkk. ,ej tj
Jdigj mikggd Mwwy khwh tijiggb makfwd. mjhtd kddafF t©ir %yk
msfFk MwwyhdJd vyyh kdj i lahffifs ngWk Mwwyfsid $LJYTFFr rkkhFk.
%ba Rwwy (Closed loop) ehk nryYk jgiartoNa kdNdhllk nrdwhy»
mkkidNdhl Ik kwWk mgghi jJayy css kdjil Mfiatwwd ngUffwgydid kjigG
NehfFwahfTk> %ba Rwwy ehk nryYk jJiorfF vjhjjiaray kdNdhllk
nrdwhy> mkkidNdhlilk kwWk mgghijay c<css kdjil Mfiatwwd
ngUffwgyd KkjigG vjihfFw KjigghfTk vLjIfnfhssgglLk. ,NjNghy %ba Rwwy
ehk nryYk pirad toNa kdfyjjd vjhkd KrdayUed Nehkd Kid
toahf ehk nryYk Nghd kiddiafF tiar NehfFwahfTk mNjNghy

kdfyjjid Neh kd KidayUed vjhkd Kid toahfr nryYk Nghd kddafF
vir vjhfFwahfTk vLjJIf nfhssgglLfiwd.

fiffh/g kddOjj NtWghlL tjpmia gadgLjJIkNghd Rwwy css midjJd
kidNdhlIqFfSk eryahd kjigig ngw Nt=zLk vDk ejgejid gdgwwggl Nt=Lk

tiIJNIhd rkdr, RwW

fiff/g tjifsid KFfRa gadghlhf €1 INIhd rkdr RwW mikfwd. kdRwW

tiay (electrical networks) mikgGfsyy €l JNIhd rkdrRwwd %yk njhahjy
kdjalahfhad kjigig f=zlwaTk kdjrlahffifis xgglTk KbAk.
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,eJ tiy mikggy P, G RkwWwk Skdjrlahffifs cssthW , 1 zffgglLssd.

G vdw fhytdh klluthdd B kwWwk D GssfStfinlNa ,1z=zffgglLssd.
fthytdh kllh toNa

tiINIhd rkdr, RWW

ghAk kidNdhllk I vdTk mjd kdjal G vdTk vLjIF nfhssgglLfiwd.
B rejfF fihffh/g kidNdhll tjpima gadglLj
li—-lc—-13=0
D rejyiff fHihffh/g kdNdhll tjia gadglLj j>
lLb+1lg-12=0
ABDA vdw %ba RwWWFF fihnffh/g kddOjj NtWghlL t)jiia gadglLjj

WP +1cG-12R=0
ABCDA vdw %ba RwWFF fihffh/g kkddOjj NtWwghlL tjysa gadglLjyp
1P+ 13Q-LS-12R=0
B kwwWk D Gssifs rkkiddOjjjjiy ,Uejhy> th ]NIhd rkdrRwW rkenyay
,UFFk B kwWk D GssifSTthilNa kddOjj NtWghL ,yiy vdgjhy> fhytdh
kllh toNa kdNdhllk ghahd. (Ic = 0) vdNt Ic = 0 vd rkdghLfs kwWk ,y
guyiayl
=13
=14
1P =12R
rkdghL
13Q = 14S
rkdghL
P_R

Q S
>INt €Tl JNIhd Rwwd rkemyffhd egejid MFk ,ej eiyay KILNK
fthytdh kllh Ro tyffjij ThlLk. mUFUNF css ,U kdjilahffifsd
kjJigé ekfF njhtejhff nfh=lhyy kww ,U kdjilahffifis xgglyhk. NkYk
ehdF kdj n lahffifsy %dwd kjigG njheghy njhahj ehdfthtJ
kdj n lahffiaod kjigngAk ,jd %yk f=zTfhl KbAk.

fhytdh kllh vdgd kdNdhiljij fzlwaTk mstlTk cjTk xU rhjdk
MFk. kifrrwma msT kdNdhlilgfis mstul ,jid gadglLjj KbAk xU
kidRwwid nteNtW gFjifslyy css kddOjj NeWghlal xgglTk ,3J ngUksT
gadgLjjggLfwJ.

kil lh rkdrRww:

klIlh rkdr RwW vdgJd tIJNIhd rkdrRwwd ,dndhU tbtk MFk. ,jiy 1
kllh esKss AB vdw ruhd Nkgfdid (Manganin) fkg cssJ. , ffkg xU kllh
msT NFhYfF , i zahf xU kuggyafay C kwwk D vdw ,U jhku gl ITSTF
,1INa ellgglLssd. ,U jhkugglalfSTF ,ilay E vdw kwnwhU jhku
glal G kwwk Govdw ,U , ilntsifsyy nghUjjgglLssJd. G

,i1Intsayy Kkjigé njhahy kdjmlahffi P Ak G ,ilntsjaly vdw gbjju
(nghej) kdgalahtfhi Qk , 1=ffgglLssd. xU njhLrhittahdd (kdfljj) mka
Jhkiugglslayy B vdw Kiday fthytdhkllh (G) kwwk cah kidj i lahffi toNa
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, 1ZzTffgglLssd. fkgad kJss njhL rhtiagd emyma (Position) msTNFfhy
%yk mstilyhk. rkdrRwW fkgad Kidfsd FWNF xU nyfyhQn kdfyKk

rhgAk (K) , i ZzFffgglLssd.

killh rkdrRww

fkgad kJ njhLrhttia efhjjy fhytdh kllhy Ro tiyffk VwgLkhW nraa
Nt=zLk njhL rhttaad enynma J vd vLjIF nfhsNthk AJ kwwk JB vDk
esqfs KiwNa tl JNIhd rkdr Rwwd kdjilahffifs R kwWk S fF gjiyhf
mikeJdssJ.

rkdrRwW fkgahdJd jhku glelfsd kJ gww @tjjUggghy KO#®kaww
, 1Zzggd fhuzkhP ,1=zggy kfrrwma msT kdjal mjyfhj pUFFF SLK. ,ej
kdjilahffifs Kid kdjilfs (End resistance) vdwioffggLk. ,ggiomna eff
PkwWk Q it ,lgghkhwwk nrad Nrhjid k=zLk xXUK#Ew nraagglL kwnwhU
mstl vLffgglL Pd ruhrhy kjigé f=lwaggLfiwd.

P vDk fkgrRus nraaggll nghUsid kdjil vziz fz=zffil mjd Muk a
kwwk esk | Mfiart mstlggLhdwd. jd kdjil myyd kdjsl v=z p
gdtUk njhlhgdhy ngwggLfwJ.

|
kdjal r=—
iAa) A

Nkwf=1 rkdghl sl khww mukFF.
p=kd jul xI—A
vdgd njhahjy kdjsl vdy rkdghL gdtUkhW mirkAk.

2
r:P’DiEl

kiddOj j khd:

kiddOjjkhdiahdJ kiddOjj NtWghL> kidNdhllk kwwk kdjilfis Jyyakhf
mstl gadgbfwd. Ljiy gjJJd kllh esKss ruhd Nkgfsd myyJd
fhd]lhzld fkgahdd 1 Kkllh esKss ,i1zahd thirfshf ellgglL
kuggy i fay nghUjjgglLssJd. fkgad , i=zffgglhj A kwwk B Kidfs xNu
gffjJwF nfh=L tugglL , 1ZgG) JJUFTSId Jhkuggl 1 I fs)y
nghUjjogglLssd. xU kllh msT Nfhy fkgfF , izahf nghUjjgglLssJd.

kddOjjkhdiaad jjJItk ThllgglLssd. fTkg CD toNa xU eiryahd
kidNdhi 1k VwgLj jggLfwJ.
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kdfyjnjhFg& rht kwWk kddOjjkhdy fkg MAfait njhlhe=ggy
, 1ZzTfgglL Kjdikr Rwwhf mikfwd. kddiafF tir ¢ nfhzl kdfyjjd
NehkkdKid C GssAIDk vjh kdKid fhythdh kllh kwwk cah kdjil
toahf njhLrhtAIDk , i ZzffgglLssd. ,J Ji=zr Rwwhf miakfwd.

njhL rht cjuAld J vdw Gssjazy , 1 ZzgG VwgLjjggLfwd. ClgFjiaad FWFNF
css kddOjj Ntwghe> kdfyjjd kddafF tir e fF rkkhdhy
fhythdhkllh toNa vttj kpdehIIKk ghakhy mJ Ro tyyffjij ThiLk
vdNt CJ vdgJd rkdnra esk vdW miuoffggLk. CJ] fF FWANF css kddOjj
N€wghL Irl. ,gF r vdgd xuyF esjjwfhd kdjil MFk.

vdNt e=Irl

,gF | kwnWk r khwyfs vdgjhy ¢ pn | kdfyjjd kddafF tir rkdnra
eisjywF Nehj gty miukAk

kddOjjkhdiia gadgLjj) .U kdfyqgfsid kddiafF girfis xgglLjy

,U kdfyqgqfsid kddafF tirfis xggb c<cssthW kdRwW , 1=gG6
VwgLjjggLfwd. kddOjjkhdy fkg CD MdJ kdfyjnjhFgé Bt kwwk rhty K
cld njhlha=zggy ,1zffgglLssd. ,J Kjdikr RwW MFk. fkgad C
Kid DPDT rhtiay <css (Double Pole Double Throw) M Kiday

, 1ZzTffgglLssd. N KidahdJd fhythdh kllh (G), cah kdjilahffi (HR)
toahf njhL rhtAld , 1 =zffgglLssd. kddiafF tirfs xggl Nt=zba ,U

kdfygfs e kwWk & KiwNa DPDT ,y css Mg N1 kwwk Mz, N> KidfSlid
, 1 ZzFffgglLssd. kdfyjnjhFggd (Bt) Neh kdKid kwWk &, & Mfa

kdfygfsid Neh kdKidfs Mflait kddOjjkhd) fTkgay css C
KidaNyNa , i zffggl Nt=Lk.

DPDT rhthia M; N: Kidfsyy mOjJk Nghd & kdfyk JizrRwwy
, 1ZzTffggLfwd. ,gNghd njhL rhtma efhjy Thytdh kllhy Ro tyffk
ngwgglL rkdnra esk |1 mstlggLfwd. gddh ,uzlIhtd kdfyk e
kidRwwy , 8 =zffgglL rkdnra esk |, fzlwaggLfiwJd. r vdgd kiddOj jkhd;
$kgad XuyF esjywfhd kdjal vdTk | vdgd fkg toNa ghAk
kpdehIIkthk nfth=lhy

e1=1lrly
&2 = |I‘|2
rkdghL

el - Il
e2 |2
kpddO_]J khdjia gadgLjj) kdfyjjd mfkdjilia mstLjy
kdfyjjid mfkdjalia mstb , 1 ZgGTfs NkwnfhssggLfidwd.
kdfyjnjhFgG Bt ,d NehkdKid kpddOjjkhdp fkgad C KidTIDk
vjhkdKid rht K; toahf D KidAIDk ,izffggllld. ,JINt Kjdikr

Rwwh® mukfwJ.
mfkdjal fh=zNt=zba kdfyk ¢ ,d NehkdKid kiddOjjkhdif fkgad C

KidAld ,izffggLfwd. kdfyjjid vjhkdKsidahdd fThytdhkllh
cahkdj i lahffi toahf njhLrhty J cld ,1=zffggLfwd. kdfyk ¢ d
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FWfNF xU kdjualgnglb R kwWwk K jJjwej enyay rkdnra Gss)
f=zlwagglL rkdnra esk CJ=11 mstilggLfwJ.

kidfykhdJd jwej Rwwy miaktjhy mjd kddiafF tiir

SOO|1

kdyualgnglb R vy xU JjFej kdjslahffi (10Q vd , UFFILK)
NjhenjLffggll K> rhy %lggLfwd. r vdgd kdfyjjd mf kdjsl vdf
kdjil R kwwk kdfyk toNa kidNdhllk | MdJ ,ej kddOjj NtWghL
kddOj jkhdifFfkgff FWNF css kddOjj NtWghllhy rkdnraaggLfwd.
,eJ esjij lbvdf vdNt

e
= R+r
Rd FWANF css kddOjj NtWwghL

8

1 Iz

g
R, I kwwk 1, kjogGfas gujayl kdfyjjd mfkdjsl FT=lwaggLfwd.
,INrhjsdahdd R ,d nteNtW KkJoGFfSTF k=zLk nraaggLfwd.
Nrhjsdad KbTfsidgh kdfyjjd mfkdjnl khwyiaht  mikahky
?Pz?#k' d FWfNFfAss Gw kdjsl KkjigG mjfhFFk Nghd mjifhggi j

kidNdhiljjid ntgg tisT

xU kdjilahffiaad toahf kdNdhllk ghAk Nghd> kdjilahfifF
ms)FfggLk kiddhwwyyy rwjsT ntgg Mwwyhf khwwgglL t=hfiwd.

kidNdhiljjid .ej ntggtiisNt [{y ntgg ©hasT vdgglLk.

kidNdhllk vtthW ntgg Mwwiy VwgLjJIfwNgh mNjNghy ntgg Mwwiy
JFej Kiway gadglLjj) kddafF tiria (kd Mwwy) ngw KbAK. ,JNt
ntgg kd ©hisT vdggLk.

[yd tj)
xU fljjjad FWINF css V vDk kddOjj Ntwghlbdhy | vdw kidNdhl Tk
t NeugywF ghatwwd vdy kdFfyjnjhFggdhy nraaggll Ntiy myyJ
gadgLjjggLk kddOjj Mwwy

W = VIt
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Gw wasTfs VJk ,yiynady ,ejJ Mwwy FTljjima ntggggLjj gadglLk.
,jd %yk cUthFk ntgg Mwwy (H) MdJ

H=VIt
fljpay kdjil R ,Uejhy

H = I2Rt

,€J njhlhG [{y vdgtuhy Nrhjad Kiuwayy rhghhffgglld. vdNt ,J [{y
ntgg G vdgglk. [{yid tjoggb xU kdRwwy kidNdhllk ghatjhy
cuthffggLk ntggkhdJ

1. kdNdhlljjid ,UkbfF NehjjfoYk

2. kikdRwwid kidj i IfF Nehj JfoYk

3. kidNdhl Ik ghAk Neuj yjwF Nehj jfFtiYk miakAK

[y ntgg tjjad gadghLfs

1. kd #Nlwwfs

kd ,Jjhngl kd #Nlwp nuhlbRLk kdfuty Kjyiad kdNdhlljjid
ntgg tiisit gadgLjJdk tlIL cgNahfr rhjdgfshFk. ,ejJ rhjdqgfsy
#NIwwk fFkgahdJd effy kwWk FNuhkiajjid cNyhff fyrtahd efNuhkidhy
MdJ. efNuhkd kdjsl vz kf mpfk NkYk ,jid MT ] iNdwwk
m i lahkNy kif mjf ntggeiyfF ntgggglLjj KbAK.

kd cUfif fkgfs:
mjfkhd msT kdNdhllk kdrhjdgfs toahf ghAkNghd  NjhdWk

ntggjjidhy mit ghjfFfgglhky ,UFF njhlhai=zggy kd cUffs
fhibAssthWw , izffggLfidwd. kd cURF Tkgfs vdgd kff Fiwej
esKss Fiwthd cUFeiy nfh=zl nghUshyhdit. kdNdhlljjd msT
Fwgglll kjigagtl mjypfhiFFk Nghd ,1t cUf) kd Rwiw jJwej RwwhFfFk.
15A fF Fiwthf kdNdhllk nryYk kdRwWfs)yy fhhak (Lead) kwWk
ntssajjidhy (Tin) Md cNyhfffyit kd cUF , ioaht gadglLjjggLfwd.
15A TF mjifkhd kdNdhllk nryYk kdRwWfsyy kwWk jJhkuffkgfs kd
cUF , 1oahf gadglLj jggLfiwd.

,eJ kd cUF ,i1oay css Fiwghh vddntdwhy kdNdhlilk Fwggll
msit

ul mpfhfFk Nghd cUf vhed tLtjhy mjid khww Nt=zba mtnak
VwgLfwJ.

JwNghd ekJ tLfsy kd cURFSTF gjiyhf kdRwW J=bggdfs (Trippers)
gadgLfidwd. jtwhd kd , 1=zgGfs myyd msTfF mjifkhd kdNdhllk
kidRwwy ghAkNghd kd Jzbgghdfsid rhty kd Rwiw jJwedtiLk. gddh
kidRwwd gOij effiaTld> ehk kkd J=bgghdid rhthia %b tlyhk

kd ciyfs

ciyfs v/P nyffhd fhhagl Fthhl > Nfyiak MhradL Nghdw njyhoyy
Elg KffiajJdtk thaej gy nghUlfis cUthff gadglLjjggLfidwd. 1500°C
ntggejiy tiu cUthff khygbdk - effy Tkg Rwwggll nyiffh Foha

gadgLfidwd. fhhgd tty ciyfs (Carbon are furnaces) Rkhh 3000°C ntggeiny
tiu cUthff gadglLfidwd.

kd tisfFfs
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kd tsfFfsy Igfjld ,m1ofs (cUFegiry 3380°C) f=z=hb FLitfsy
i tffgglL kdNdhllk %yk k cah ntggenyfF #NlwwggLfidwd. kd
tsfTFfsy (Incandescent lamp) 5% kILNk kd Mwwy xsjahf khwwgglLfwd.

kjKss Mwwy ntggkhf t=zhfwd. kddwff tisfFfs (Discharge lamp), kd
owitjjy (ntybqg) kd ty Nghdwit kdNdhlljjid ntggtiisit
gadgL jJfidwd.

ntgg kd tiasT:

ntggkd t©isT vdgJd ntggeiiy NtWghlal kddOjj NtWwghlhf KkhwWk
efoT MFk. ntggkd rhjdjjid ,U gfFfgfs)Yk css ntggeiy NtWghlbd
fhuzkhf kddOjj NtWghL NjhdWfwId. mNjNghy kddOjj NtWghlil
,gnghUl sy VwgL j jidhy> ntggeliy NtWghL NjhdWk.

rngf ©isT

xU %ba Rwwy ,U nttNtW cNyhfgfsd ,U rejigcfis ntENtW
ntggeliyfsyy 1tfFkNghd kddOjj NtWghL (kddiafF tiar) Njhdwtij
nngf  Ff=lwejhh .,k kddafF tiradhy VwgLk kdNdhlljij
ntggkidNdhllk  vdwroffyhk. ,U cNyhfgfs ,1Z]J rejgGfis
VwgLjJtJ ntgg kddwl sl (Thermocouple) vdggLk.

ntgg kwwWwk Fsh rejifis ,lkhwwk nrajhy kdNdhiljjd jiarAk khWk.
vdNt ,ej ©isT xU ks gisT MFk.

ntgg kddulilay NjhdWk kddiafF tiirad vzkjgc (1) kddulalay
, IkngWk cNyhfgfsid jdik kwWk (2) rejifsid ntggemy NtWghL
MHfiatwiw nghWjjJ.

rngf ©istid gadghLfs,

1. rngf wisthdJ ntgg kddawyfs)yy gadgLfwd (rngf kddiaww). ,ej
ntgg kddawwfs kd cwgjjl emyaqfsyy t=zhFk ntgg Mwwiy
kiddhwwyh¥ khwHidwd.

. jhdiagfh thfdqgfsyy vhnghUs gaDW jwid mjfhff gadgLk jhdiaqf
ntgg kddawwfs)yy gadglLj jggLfiwd.

ntgg kddulsl kwWk ntgg kddulal mLFfFfs)yy gadglLjjgglLk
nguUIfSTthilNa css ntggeay NtWwghlsl msul rngf ©isT
gadgLfiwJd.

ngybah ©isT

ntgg kddul s lAld $ba kd Rwwy kdNdhiljij nrYjJkNghd> xU rejiay
ntggk ntsiggLjYk kwnwhU rejiasy ntggk clfthjYk emlngWk. ,ttisT
ngybah ©thyisT vdggLk. ,jid ngybah 1834 y f=lwejhh.

Cu-Fe ntgg kddulslaay A kwwk B Gss) rkntggeiyay cssd. kdfy
mLTfiyjUed kdNdhllkhdd ntggkddulal toNa ghafiwd. A rejay
kidNdhl 1k jhkujjgiviled ,UkgwF ghafiwd. mgF ntggk clftugglL rej A
Fshtalfiwd. rej; B y kdNdhllk ,UggyUed jhkujjwF ghatjhy mqgF
ntggk ntsigglL rej; B ntggkmIfiwd. kdNdhlljjid parma khwwdhy> A
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rej) ntggalAk> B rej) Fshtilak vdNt ngybah ttisT xU ks tisT
MFk.

jhkld ©isT

xU Fljjilad ,UGssifs nttNtW ntggeiyfsyy cssNghd ,ej Gssifsly
vyfluihd mihjj; NewgLtjhy ,toU GssfSThilNa kddOjj NtwghL
cUthffggLk vdgij jhk]jd e&gpjjhh Jhk]d gisTk kstyisT MFk.

C vDk 1i#1kagGssiayy ntggggLjjogglk AB vDk jhkwy j=zL toNa
kidNdhl Ik ghatwd vdyr C vdw Gss) cah kddOjjjjiy mikAk. ,jdy
AC gFjjaly ntggk clfthjYk CB

gFjJiasy ntggk ntsiggLjYk enm IngWk.

vdNt kdNdhll ghattd fhu=zkhf kdNdhiljjid jJisrasy ntggg ghkhwwk
enlngwWk. ,J NehfFw jhk]Jd ©iEsT vdggLk. ,J NehfFw jhk]jd tisT
vdggLk. ,J Nghdw tTiEsT ntssp Jjjehfk kwWk TFhlkiak Nghdw
cNyhfgfs)Yk enm IngWk.

jhkuy jJ=zLFfF gjiyhf ,UkGjj=bird gadglLjJkNghd> CA gFjialy ntggk
ntsiggLjJjYk BC gFjiay ntgg clfthjyYk eilngWk ,qgF kdNdhll
ghatidhy kidNdhiljjid parfF vjh jiiray ntgg ghkhwwk eslngwWwk. ,J
vjhfFw jhk]d tiesT vdggLk. ,J Nghdw ©hasT gshlbdk effy thghyl
kwWk ghjurk Nghdw cNyhfgfs)Yk e IngWk.

myF 7
miy xsj@aay (WAVE OPTICS)

xsjiaggwwa nfhsi ffs (Theories of Light)

xs) vdgd xuUtifahd MwwyhFk. ,tthwwy Xhljjiyiled> kwNwhh , 1jJwFg
guTHwd. mwtay mwQhfshy Kdirtffggll Xxsjgag gwwa gyNtw
nfhsiffs xsad jdikiag gw KkILk $whky xsiguTk Kiw KkwWk
xsjadhy VwgLk efoTfisg gwAk tisTFHdwd.

E=zJfs nthsiF (Corpuscular theory)

xsiasggw EzJfs nfhsifia rh Irf gAlld (Sir Isaac Newton) (16720

nfhLjjhh. , JwF KdNg nl ] fhhl ] (Descartes) (1637) xs) vjinuhsigé kwWk
xstyfiy tsfTfFgjwFfhf ,fnfhsifiag gheduujjhh. ,Fnfhsifadgb
xs| kfrrwa> eiwaw GwFFz)jjff rwa eiw) kwk KO kInAwk
Jfsftshf ckoggLfidwd. ,twWFF Ez=Jfsfs (corpuscles) vdW ngah.
EzJfsTs kfrrwait. vdNt xs%yk ezl fhyjjwF xsjia ckoejhYk
mjd eawary Fwggljjff khwwk VJIk VwglhJ.

EzJfsfts kifNtfTkhfr nrytjhyy mit Gtiahgé tiradhy vttjghjigigAk
milahd. NkYk XxNu xstiyfy vz nfhzl rund CIfjj)y EzJfsfsd
ghij xU NehNfhlhFk. ,ej EzJfsftsid ,aff MwNy xsad MwwyhFKk.
,eJ EzJdfsts tojjmuvad kI NkhJtjhy ghhit VwgLfidwd. ntENEW
msTfs nfhzl EzJfsfs ntetNtW t=z=zqgfisjy Njwwoffdwd.
EzJdfsfs ,uzL CIfgfisg ghfFk jsjpiad milAk Nghd> mit
<hffgglyhk myyJd tiyffgglyhk. CITjjidhy EzJfsts tyffggllhy Xxs)
vjinuhsigGk> <hffggllhy xsitiyfYk VwgLfidwd.
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xsiahdd mlhFiw CIfjy NtfkhfTke mlhkF CITfjjy nkJthfTk
nrytjwfhd fhu=zjinj ,Ffnfhsifahy tstffKbatyiy. NkYk FWFFIL
tisT tiskG ©wisT kwk jstisT Nghdw efoTfisAk , fnfhsifahy
tsffKbatiyiy.

miyfnfhsif (wave Theory)

CIfjjid toahf xs) guTtij tstFgywrhfF fivbad 1  nfd] (Christian
Huygens) (1678) muyfnfhsifia Kdnkhoejhh. ,thd nfhsifadgbh xs)
vdgJd xsi%y]jjidhy VwgLk xU khWghlhFk. , kkhwghL ntsiKOtJk eukgAss
Xh CITjjid toNa ,aeju miyahd nelliy tbtyy guTfwd vdTk ,aeju
miy guTtjwF CIftk mtrjak. vdN® <jh (ether) vdw CIfk nts) KOtJk
gugAssI vdTk AT jIfnth=lhh. xs) vjinuhsge xsogyfy FWEFIL ©isT
kwwk tiskG t©isT Nghdw xsjad tGisTfis miyfnfthsit edF
tstfad.

gd® ntsKOtJk gutiAss <jh CIfjijggw ,th nfhsift jJtw vdw
e&gffgglld. vdN® ntwwljjid toNa xs) vethW guTHfidwd vdgijAk
, Tnfhs i1 fadhy tstf Kbatiyiy. NkY k> xsjad  jstiisitAk
, fnfhsi1fadhy tisff Kbatiyiy. Vnddy> jstiasT vdgd FWffiyfsd
g=zghFk.

kidfhej miaiyFfnfhsiaf (Electromagnetic wave theory)
xsp FWFfiy tbtiy guTk kidfheyj Mwwiy Rked nryYk kdfhej miy

vdW NkFnty (Maxwell) (1864) e&gjjhh. NkYk> kdfhey miy gquTtjwF
vttj CIfKk Njitayiy vdwk ,tuhy e&gjJdf fhll KbejJ. xsad
midjj efoTFisAk ,fnfthsit ntwwfukhf e&gjjJ.

,uUgghk> ,fnfhsifadhy xs;] kwWk gUgnghUSTF ,i1lNa VwgLk
,1lgidia mjhtd xsikid twEsT (Photoelectric effect) kwwk fhkld ©isT
(Compton effect) Nghdwtwiw tistF Kbatiyy.

Fth=zlk nfhsi Tt (Quantum theory)

Myghl 1d]Bd (Albert Einstein) (1905), Nkf] gshq (190)fid fUjJIfis
cWjiggLjJdk tjkht xskd tisit tsthdhh xskd tiIistdgb
xsjahdd /Nghllhd tbtyy gUgnghUsid kJ Nkhjp gUgnghUsiyiUed
vyfluihdfis ckor nrafwd. /Nglihd vdgd jdijjdi Mwwy rggqfshFk.

xtnthU /NghlIhDk ngwWss Mwwy E MFk. MjhtD

E=hv
,qP h vdgd gshq khwyiahFk. (Plank’s constant) (h = 6.625 x 10-34 Js) kwWk vdgJ
kdfhej] miyad myphnt=z i =zf Fwffiwd.

miygg=zG kwwWk Jfs g=zG ,uzL g=zGFisAk xUgNF ngwWss xsad

,90Zzgwk ,ulilgg=G vdW ngah. xs) guTkNghd miyahfTk> gUgnghusid
,11tsd GhAkNghd JfshfTk nraygLfidwd vdW KbT nraagglLfwd.

xsjaid miygg=zG (Wave nature of light)

xs) FWffiy tbtiy css kdfhej miyahFk. FWFFIL ©isT kwWk tsikG
©isT njhlihghd Nrhjidfsy ,Ued xsjad miygg=zG ekfFF fhllggllJd.
xsjad FWFfiygg=zig tsftFk efoT jJstiisthFk midjJ kdfhej
miyfisg NghdNw xsiAk ntwwl jjid toNa guTk.

miy xsjaay, (Wave optics)
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xsp vjinuhsigé kwwk xs) ttyfy efoTfis miy xsiaayid mbggi layjhd
tsttf KbAKk. xs) miytbtyy gutdhYk xsiguTk jJior xsiffpnuf
nfh=zLjhd FwgglggLfiwd.

rydkww j=z=hgguggd kJ fTyxdwidg NghLkNghd> mffy ©Oej gFjiiar
Rww tlhltbht rwiyfs xsp vjnuhsigt kwwk xs; ttyfy efoTfis miy
xsjalayid mbggi layjhd tisff KbAk. xs) miytbtlyy gutidhYk XsiguTk
Jinir xsiFfjnuf nfh=zLjhd FwgglggLfwd.

XNu rydkww jJ=z=hgguggd kJ Ty xdwiwdg NghLkNghd> mffy tOej
gFjimar Rww tlltbt rwiyfs guTk. ,eeforrp miyguTtjwF Xh rwej
cjhu=zkhFk. rvwiy xU Fwggll Gssjiaf fled nryYk Nghd> mgGssialy
css eh %yf$Wfs myyd JIfsfs NkYk TFOkhF ,aqFk (myyJd)
miyTWKk. xU #kagéssiayiled rknjhiytyy css rmwiyad midjJdf
JfstSk xNu FIljgiy mjhtalAk miyKfgigg nfhzbUFfFk xNu emyay
myyJd xNu TFlIjjiy mjhtilAk Gssifis ,i1zfFk KdGw ciwfF
miyKfgG vdW ngah. miyguty vdgd miyKfgG guTtrjNa Fwiffwd.
miEyKFfgG vgNghdk miayguTk gisrfF nrqFjjhfNt ,UFfFk xsiffjhdjiar
miyguTk jpieraNyNa ,Uejhyy miyKfge vgNghdk xsiffjhd jJimrfFr
nrqFjjhf fhllgglLssJd Nghy ,UfTFk.

XU Gssjay cwWNehffggbk miayKfggd tbtk xs) %yjjid tbtjijAk
Xs| %yk mikedss njhiyitAk rhhedssJd. tukGFFIgll njhiyty
mikedss xU Gss) xs) %yk vgnghOJk Nfhsf miyKfgigha juUfwd.
tukGFFIgll njhiytly mikedss ellggll (myyJd) NfhlL xsi%yk cUis
tht miyKfgigy JuUfwd. <hyyhj njhiytty mikedss vej Xh Xs]
%y JidhYk NghdWwtJd rkjs miyKfgGfFs.

i nfd] jjJdtk (Huygens’ Principle)

i nfd] jjJdtk mbggilay xU tbtiay FfllikgghFk. t=0 vdw Neujjiy
miyKfggd tbtk ekfFj njhejhy> vej xU Neujjiyk css
miymiyKfggd tbtjij 1 nfd] jjItjijg gadgLjji ehk f=zlwayhk.
1 nfd] jJjItjjdg miyKfggyYss xtnthU GssiAk ,uzlhk eiy
miyfFIbfis cUthfFk xs| %ykhfr nraygLk. ,gGssifs)yyilUed ntsitUk
,uZlhkeiy miyfFIbfs> miyad Ntfjjyy CIlfjjd midjJdj
Jiirfs)yk quTk. ,ej ,uzlhk egiy miyFIbfSTFE tiuagglk nghdthd
njhLNfhiL myyJd ,uzlhk ey miyfFIlbfsid Kdow ciw mLjJ VwgLk
Gypja miyKfgigfF nfhLfFk. vdNt 1§ nfd] jjJItk miyKfggd gutiy
tsTfFfwJd. NfhsT kwWk rkjs miyKfgefsid gutiy 1  nfd] JJJtJde
%yk tthffyhk. t=0 vdw Neuj jiy css miyKfgig AB vdf. 1 nfd]]
JiJdtjjdgb AB miyKfggd xtnthU GssiAk miyad Ntfjjy (xsad
NEfk ¢ - ,y) nryYk ,uzlhk egiy miyfFIbfis cUthfFk xsoykhfr
nraygLk t fhyk fojJ miyKfggd Gja eiyia mwtjwF AB kJss
PQR... vdw Gssifis itkakhff nfh=zL c¢ 1 MukhfFfnfh=zL tlliqgfs
tivaNt=zLk ,rrwtliqgfsdd KdGw ciw myyJd njhLNfhiL A'B’ MdJ t
Neuj jiy VwgLk Gjia miyKfgghFk. Fwgglll njhiytYss Gss| xs| %y]jjhy
VwgLk ,gGjla miyKfgé A ‘B’ xU Nfhst miyKfgght ,UfFk. ,J
fhllgglLssJd. xswyk kif ezl Jujjiy (<hyyhj njhiyty) ,Uejhy rkjs
miyKfgght ,UTFk.

miyguTtij tisfFk 1 nfd] fllikggy xU Fiwghk cssJ. Nkwf=l
fllakggy NjhdWk gdmiy (Back wave) vtthW kiwfidwd vdgij
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,fnfhsit tsffuyiry. kdfhej miayfnfhsifad mbggilay gd
miyfsid guty ,ayghfNt xJIFfjjssgglLfidwd. ,UejNghjivk 1  nfd]]
FIlaikgG miyKFfgé xdwd gutay tirugl tbhty edF tistFfwd.

i nfd];, jjJItjjd mbggilayy vjnuhsgGc tjfis e&gjjy (Proof for
Laws of reflection using Huygens’ Principle)

XY vdw rkjst fzz=zhbad vjnuhsigég guggd kJ FhlbAssthW , 1=
xsiffwiwfs ©wOHhdwd vdf TUJIT gLk rkjs miyKfgé AB kwwk
vjnuhsigé miyKfgé A'B’ ,ttiuzL miyKFgefSk xNu CIfjjiy cssd.
,eJ miyKfgefs gLfjhfs MM kwWk vjnuhsigGFt fjhfs L, WM
MfiatwwwFr nrgFjjhf cssd. gLk miyKfggyYss A Gssp vjnuhsigGg
gugigj njhLk Neujjryy B Gss) BB njhayT gazk nrad> vjnuhsigGg
gugglYss B’ Gssiia mi lfwd.

B Gss| vjinuhsigég gugglYss B’ Gssiia njhLk mej Neu , ilntsay A
Css) A 1 milfwd miyKfggYss midjJdg GCssifFSTFk ,J nghUeJdk.
vdNt> A’'B’ vdw rkjs vjnuhsigé miyKFgc fimlfFk. xsiffjhfs L kwWk

M ,uzlLk vjinuhsigég guggy tTOk Gssifsiy N kwWk N’ vdw ,u=zL
nrqFjJfNfhLfs tiuaggLfidwd. vjnuhsigtk ,Nj CIfjjiy enlngWtjhy
vjinuhsigGFF KdGk kwWk vjinuhsigGfFg gdGk xsiaud

JiarNtfjy vty khwwKk Vwghhd, xsp A tylUed A’ tu
vLjIfnfhsSk NeuKk B ayiUed B’ tu vLjIfnfhsSk NeuKk rkk.
,jJdfhu=zkhfj njhaiyTfs AA’ kwWk BB’ ,uzLk xdWfnfthdW rkk
(AA’ = BB

1. gLTjhfs vyinuhsgcFFphfs vjnuhsigég gqugé kwwWk nrgFjJfNFhL
midjJk xNu Jsjjiy cssd.
2. gLNfh=ko

Di=BbNAL=90"- b NAB =D BAPB’

JinuhsigcF NfFh=zk>

Br=bBN'B'M '=90°-DN'B'A'=DA'B'A
nrgNfh=z KfNfh=zqgfs AABB’ kwwk AB’A’A ,u=zbYk nrgNfth=zqgfs b B kwWk
DA’ rkk. (BB kwwWk DA’ =90°); AA’ kwwk BB’ ,uzL gffgfSk rkk (AA’ =
BB’) NkYk> gffk AB’ ,uzL nrghfthz KfNfhzqfSfFk nghdthdJd. vdN®
,ttu=zL KfNfh=zqfSk XgG KfNFfh=zqgfshFk (Congruent). XgG

KfNfhzqgfSTFF Nfh=zqgfs D BAB kwwk B A'B'A Mfiait xdWFfnfhdw
rkkhFk. vdN©

i=r
gLNfh=zk> vjinuhsig6f NFfh=zjjwFr rkkhFk. vdNt vjinuhsigé tjifs
e&grffggl 1d.

i nfd] jjJdtjjd mbggilay xstyfy ujfis e&gjijy (Proof for
Laws of refraction using Huygens’ Principle)

xsiGFk jdik nfhzl fT=z=z=zhbg gqugéG XY d kI ThlbAssthW ,1=
xsiffwiwfs ©wOhdwd vdf FTUJIT gLk rkjs miyKfgé AB milhFiw
Cilfk (1) Yk xsttyF miyKfge gugé XY d kI FThlbAssthw ,1=
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xsffwawfs t©Ohdwd vdf TUJIF gLk rkjs miyKfgc AB mlhFrw
CIlfk () Yk xsttyF miyKfge mlhkiF CIfk (2) Yk cssd. ,ttu=zL
miyKfgGFSk gLfjh L, M kwwk tiyF L', M’ MflatwwwFr A Gssp xsitiyF
gugigjnjhLk mej Neujjiy> B Gss) BB’ njhaiyitf fled xstyF guggd B’

dw Gssiiaj njhLfwJd. B Gss) xsityF guggd B Gssjiaj njhLk Neujjiy
A Gss)] kwNwhh CITfjjiy A’ njhiyit fIffiwd. miyKfggyYss midjJdg
GssIFSTFk ,J3 nghUedk. vdNt A'B’ vdw rkjs xsttyF miyKTfgG

hilfFk xsgyF guggy L kwwWwk M fjihfs gLk Gssjaly N kwWk N’ vdw
,uzZL nrqFjJf NfhLfs fUjggLfidwd. ,gF mlh Faiw CIfjjy (1) ,Ued
mlhkF CIfjjwF (2) xsgyfy VwgLtjhyr xsoyfYTF KdG xsjad
JiarNtfk vi kwwk xsoyfYTFg gdG xsjad jiarNtfk v MFk. ,qF w1
MdJ v: 1T t©l mpfk Mdhy> xsiffjihfs B ayUed B’ GssifFr nryy

vLjIfnTthsSk NeuKk A tiylUed A’ GssifFr nryy vLjJIfnfhsSk NeuKk
rkk.

BB' _AA'
Vl V2
1. gLfjhfs twyFfjhfs xstiyF gugé XY kwWk nrgFjJJfNfhLfs
midjJk xNu jsjjiy mikfdwd.
2. gLNfh=zko
i =B NAL=90"-B NAB=D BAB’
tyFNfh=zk
r=Bb NBM =90"-BD NNB'A=D AB'A

t=

nrgNfth=z KfNfh=zqfs AABB’ kwWwk AAA’B - ,uzbYkUeJd
sini _BB/AB'_BB'_v, _v,.c_clv,

— 1~

sint - AAYAB' AA' v, v,

,gF ¢ vdgd ntwwljjiy xsjad NtfkhFk. tTfjk c/v xU khwyahFk.
, KkhwyFF CITjjid xsityyfy vz vdW ngah. Kjy CIfjjd (1) xsityfy
vz civi=nikwWk ,uzlhtd CIfjjid (2) xstyfy v= c/v. = n, MFk.
ufj thuy
sini _n,
sinr n,
ngUffy tbtiy
nisini = nzsinr
vdNt xstyfy tjifs e&gffgglld. NjKiway> miyKfgé mlhkF

Cifjjiy ,Ued mihFiw CITfjjwF tUkNghdk xsityfy tjifis e&gff
KbAKk.

xsjad Ntfk xstiyfy vzzwF vjhjjftYk miyesjjwF NehjjfoyYk
(vp I) cssjhy

L_on
IZ nl

Fwggll mjhnt= nth=zl xsp nttNtW CIfqfsid toahfr nrdwhYk

mjd mjhnt=z khwwkslahd. Mdhy> miyesk kILNk mtT:1f]jy

xsjad NtfjjwFE Vwg khwwk s TAk.
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FWFFIL tasT (Interference)

,UZL xs) miyfs xdwd kJ kwnwhdW NkwnghUedtjhy ny Gssifsy
xsirnrwiT mypfhfFFk NtWny Gssifs)yy xsirnrwiT FiwAk efoTfF xsjad
FWFFIL t©isT vdW ngah. NkwnghUejy vdgd xs) miyfsid S$SLjuyfF
Fwffwd. ,aeju miyfsid NkwnghUedjimyggww ,u=zL miayfs xNu Neujjry
CIfjjiYss Jfsid toNa nryYkNghd njhFgad , lgngahrnahdd xtnthU
nghFgad , Igngahrrnahdd xtnthU miyadhYk Jfsd kJ VwgLjJk
Jdjjd ,Igngahrnfsid ntflh $SLJYFFr rkk. NkwnghUedk miyfSTF
,1INa css TflINtWghlalg nghUjJd> njhFgad , Igngahrr ngUKkhfNth
myyJd rWkkhfNth , UFFk.

,TTUJITs xsifFk nghUedk. S; kwwWwk S;vdw ,u=zL xs) %yqgfsiyiUed tUk
xs| miyfist fUJF mit Pvdw Gssjay rejffidwd.

t Neug gy Si1 xs) %yjjy ,Ued PCGssiia milAk miy

y1 = a1 Sin wt
t Neug gy S xsitoyjjly ,Ued PGssiia milAKk miy

y2 = azsin (wt + F)
,ttuzL miyfSk nttNtW trRfisAk a1 kwWk a xNu NFh=
mjhnt=zai=zAk w kwwk Ff vdw FIHINEWghlilAKk ngwWssd. ,ttu=L
miyfsidhy Vwgll njhFgad , Igngahrrp

y=y1+Yy2=aisinwt+asin (wt+ f)

KfN\fhzthay KwnwhUikfisg gadglLjj ,rrkdghlalj jJhT nraAkNghd>
gdtUk rkdghL fir IfFk.

y =Asin (wt + 0)

,qF A:\/af+a22+2a1azcosf

1 a,sinf

a +a,cosf

f=0,£2p,+2p....,vdw egej idfs)yy njhFgad trR ngUkkhFk>

A =/ (8 +8,)°

g =tan”

f=+p,+3p,15p...., vdw egej idfs)yy njhFgad trR rWkkhFk>
a,sinf
a +a,cosf

Auin =4/ (8 +3,)*
xsirnrwiT> trnd ,UKbfF Nehtfijjjry ,UFFkK

| u A?
,UGWKKk , Ukbahff

I =1,+1,+2{/1,1,cosFf
T1HINtWghL f=0,+2p,+4p.., vdgd xsjad ngUkr  nrwtwfhd
eigej idahFk. , jwF MTFFfFWTFFIL ©wisT vdW ngah.

g=tan™

njhFgad ngUk xsirnrwm
| ey KL (21 +2%)?
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Lo =1L+, =421 1,

FIINtWghL F=xp,+3p,+5p...., vdgd xsjad rwkr nrwtwfhd ejgejidahFk.

» JWF moTFFWFFIL tasT vdW ngah.
njhFgad rwWk xsirnrwim

lin ML (8, - 8,)°
L. =1+, =211,
rwgG Nehthf a =a,=a vdiy> rkdghL khwwk§ TAK>
A:\/Za2 +2azcosf:\/2a2(l+ cos )
= ,/2a’ cos*(f/2)
A =2acos (f/2)
| mda2cos? (F/72) [Q1 u A?]
I=41lpcos?2 (f/2)[Ql,pa’]
Imax = 4lovdlyy F=0,x2p,4p
Imn=0vdiy> F=1p,+3p,+5p....,

,UZL xs) miyfSk rejfFk Gssjalyy VwgLk Xsirnrmi© ,ttu=zL
miyfSThilNa css flIINtWghL F jhkhdiffwd vdgij , Jiyiled
ehk mwayhk.

FLINtWghL kwWk ghi JN€tWghL (Phase difference and Path difference)

mjhtid Nfh=z enyfFF fTllk (Phase) vdW ngah. miy guTkNghJ»
miyay css mjhtid fllgiyfFk miy fled nrdw ghi JfFk i INa
xU njhlhG cssJ. miy xdwd fTllesyia mttiy fled nrdw
ghigia mttiyad fTlleiyad mbggilaYk tgthffyhk miy
xdwd ghij Xh miyesk twFr rkkhd Ffllk 2p MFk F

FHINEWghIbwFr rkkhd ghii JNEWghL & gid€tUKhW

d:L'fmny fzz—p’d
2p )

MFfFf FWFFIL tistwP FIINtWghL £=0,2p,4p vdN©® ghi JNtWghL
0=0,A, 21 nghdthf miyesjjd KO vz klgfhf ,UfFFk

o0=nA ,gF,n=0,1,2,3
moTf FWFFIL tistwFF FIHINEtWghL F=p,3p,50.... vdN© ghi JNEtWghL

nghdthf miu miyesjjd KO vz klqgfhf ,UfFk.
0 :(2n—1)% ,QF n=1,23
Xhay %yqfFs (Coherent Sources)

,UZL miy %yqgfs Xhay %yqfshf ,UFf NtzLnkdyy> mit ,u=zLk xNu
FIINEWghl s Ifnfh=1 myyd xNu Flljij cila miyfis cUthff
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Nt=zLk NkYk mttiuzL miy%ygfSk xNu mphnt=z myyJd miyesk
(xwaw ewk) nfFh=zl miyfis cUthff NtzLk mttiyfs xNu trR nfh=lI
muytbtk nfh=zljha ,Uggdk tiUkgjjffJd.

Xhay jdik miyfsd g=zghFk. ,g9=zG eiyahd FWFFIL mikgigg
ngWtjwF mbggi lahFk.

,UuZL jdijjd xwiw ew xs| %yqfs xhay %yqfs Mfhd. Vvnddyr mit
XNu myhnt=z kwWk xNu €rR nfhzl miyfis cUthffyhk. Mdhy>
mtnths) %yqfsidhy xNu FIljjJiy css miyfis cUthffKbAk. , jwfhd
fhuzk vddntdwhyyr mZffs xsjia <ckOkNghd VwgLk ntgg mjhT
Fllkhwwjij VwgLjj) tLfidwd. vdN® jJdijjdr xsiygfs vgNghdk Xhay
%yqfshfr nraygl Kbahd.

Xhay xs) miyfisg gdtUk %dW toKiwfs)yy ngwyhk.
1. miyKfgGg ghgG
2. xsirnrwiT (myyJ) trRg ghgG
3. xsi%yk kwWk gkgqgfs

m i yKFfgGg ghgG: Xhay xs| %ygfisg ngWwtjwfhd nghdthd xUKEw miy
KFgGgghgct MFk. ehk mwejgb. Gss) xsi%yk xdW Nfhst miyKfgig
VwgLjJk. ,ejJ miyKfggy css xtnthU GssiAk xNu Flljjy ,UFFk
,ulmlg gsT xdwidg gadgLjji miyKfggYss ,u=zlL GssiFisj NJhT
nrajhy mttiu=zlL GssiFSk Xhay xs) %yqgfshfr nrayglLk.

xsirnrwT (myyJd) trRg ghigG:

gFjJ; ntssiGrgghl f=z=hb (fwiwg ghgghd) toNa xsjiar nrYjJkNghd»
XNu  Neujjry xs) vjnuhsigé kwwk xstyfy ,uzlLk VwgLk. xNu
xsi%yjjyiled ,uzlL xgffwiwfFisg ngWwtjhy> ghffggll ,ttu=L
xsiffwiwfFSk Xhay - xsiFfwiwfshfr nrayglLk. ,ttu=zL Xhay
xsiFfwawfFSk xNu FlljJiy myyJd khwhjy FIHINEWghlby cssd. rkffyfd

FWFFILKkhd) (interferometer), ghghh — ngNuh , E=zahb miukgG (etalon) Mfia
fUutfs ,jjjJdtjjd mbggilay nrayglLfidwd.

xsyk kwWk gkggfs:

xsi%yKk mjd gkggfSk Xhay xs) %y jnjhFgghfr nrayglLfidwd. Vnddy»
xsi%yKk mjd gkgKk xNu FIIjjiy css myyJd xNu FIINtWghlilATla
xs|] miyfFaisFt NjhwwofFk. gnudy (Fresnel’s) ,ulil Kggllfjjiy ,u=zL
kha gkggfs ,uzL Xhay %yqgfshfr nraygLfidwd. NkYk yhayl (Lloyd’s)

fzzhbayy xU xs] %yKk mjd kha gkgKk ,uzL Xhay %yqgfshfr
nrayglLfidwd.

,ulilg gsT Xhay %yqgfshff nraygly, (Double slit as coherent sources)

m 1 yKTfgGgghigGgJtjaj mbggslahff nfth=L ,ulilg gsT nrayglLfidwd.
xwiw ew Xxs) %yk S xdwdhy xsjAlllggll S1 kwwk S2 vdw ,u=zlL
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gsTfs Xhay xsoyqfshfr nrayglLfidwd. , twwyUed tUKk xs) miyfs
xNu CIfjjJiy gazk nrad xdwWld xdW NkwnghUedfidwd. , twwhy VwgLk
MFF kwWk moTf FWFFIL tisTfs fhllgglLssd miyfsid KfL
nghlihrnahd NfhLfsidhYk mfL nyhlhrnaww NfhlbdhYk fhllgglLssd

Xh miyad mfLk> kwNwhh miyad mfLk (myyJd) Xh miyad KFLKk kwNwhh
miyad KTfLk rejifFk GCGssifsiy css miyfs xNu Flljjiy cssd.
vdNt ngUk , Igngahrrn VwglL Mfff FWFFIL tistidhy mgéssfs ngUk
xsirnrwiThd nghyrehfF fhlrn msifFk.

Xh miyad KfLk> kwNwhh miyad mfLk rejfFk Gssifsly css miyfs
VwglL moTFf FWFFIL tistidhy mgGssifs TfUrkahff fhlnasfFk.

Jimvasyy mLjjLjIg ngUk kwWk rWk xsirnrwTg glslfs Njhdwk. ,€thW
i

imuary NjhdWk nghyiT kwWk fUrkglalfs FWFFIL thfs (frlnges) vd
m 1 ofFfggLfdwd.

aq ,ulilg gsT MaT (Young’s double slit experiment)
MaT mikgG

1801 Mk M=z=zL jhk] aq vdw ghlb— ,awgay mwQh TFThlbAssthW
xsiGfhy piivayy Si1 kwwk S; vdw ,uzL Jisfis VwgLjj) mit S vdw
xsi%yjgyiled rknjhiytyy ,UFFkgb mikjjhh. xtnthU Jisad mfyKk
0.03 mm ,ttu=zL JistfSk 03 mm nghaytyy ghjJd stffgglld. Jisfs
St kwwWk S; ,uzL xsi%yk S ,yUed rknjhiytlyy cssjhy> xsi%yk S
,ywed S; kwWk S; 1t milAk miyfs xNu flljjiy ,UfFk vdN®

FWTFIL ©isit VwgLjJk Xhay %yqfsht S: kwwWwk S; gsTfs nrayglLfT
FWTTIL tisit VwglLjJk.

gsTfs S kwwWwk S; tiyjUed tUk miyKTgefs ,ulmlggstd tyggffkhf
guThdwd. gsTfsyyjUed Rkhh 1 m njhiyty jgiivaid 1tfFkNghdD
mjjiivaay rk mfyKila nghyyT kwWk fUrk thfs mLjjLjI]
NyhdWfidwd. , JwF FWFFILgglalfs (myyJd) FWFFIL thfs vdW ngah.
fzzUFtiyiy xwiwg gadgLjj ,FFWFFIL thfis Neubahff fh=zyhk S,
S ttyed jimuad iwkagéss) O 1t milAk xsmiyfs rknjhaiyintf
fleJdtedssjhy mit TfThlbAssthw xNu Fflljjyy ,UFfFk ,ttu=L
miyfSk MFFFFWFFIL tisit VwgLjjp mkagGss) O ty

nghyiTthia cUthfFk , jJwF ikag nghyjTth vdW ngah. VWN\JDk XU gsit
%btllhy FWFFILthfs kiwed jJiiu ruhf xsAllgglbUfFk. , jiyilUed
Jimvaty NjhdWk nghyiT kwWk fUirk thfs xsjad FWFFIL tistidhy
Vwgll st vdgij mwayhk.

ghi j NtWghbwfhd rkdghL
Xhay %yqfshfr nrayglLk S; kwWk S; gsTfSThilNa css njhiyT d
vdT.

It A miyesKila xs; miyfis cUthfFk. ,ulilg gsTFfSTF
,izahft D njhayty jJimu xdW nmtffgglLssd. S1 kwwk S; fF elLNt
css Gssiia C vdf NkYk jpmuvad mkagéss) O. Si kwWwk S; tiyUed
rknjhiytlyy cssJ. jiivay i1kagéss) O tiyUed Y njhiytly css
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VNJDk XU Gssjgia Pvdf. S;, S tiylUed P Gssiia milAKk xs) miyfs
mtwwF , 1INa css ghij NtWghlslg nghUjJd> xNu FlIjjNyh myyJd
vjh vih FI1jjNyh ,UFFk.

S1 kwWk S; ttyWed P Gssiia milAk xs) miyfSTF , 1INaAss
ghij Neghlel & vdf. 6=S,P-S:P

S1 ,y ,Ued SP NfhlbYss M GssifF tiuaggll nrgFjJf NfhlbyUed
ghi j NEWghlalj Jyyakhff f=Fflyhk

0=S5P-MP =5M
C GssjayylUed> P Gss) mikedss Nfh=zeiyia 0 vdf. BDOCP =0 tbhtay
tjfsd gb»

Nfh=zqfs B OCP kwwWwk b S:Si1M Mfiait rkk.
D OCP =SS:M =6
nrgNfh=z KfNfh=zk A S;S1M ,y> ghi jJNtWghL S:M =dsin
0 =dsin6
NfFh=zk 6 rwad vdN® sinf=tan6=0
nrgNfth=z KfNfh=zk AOCP

tanezl
D

ghi jNeEwghD o =3

D
ghij NtWghlbd egejidiag nghUjJJd GCss) P aiy nghyiT thNah (myyJd)
fUik thNah Njhdwk.

nghyiT th myyJd ngUkjjwfhd egejid
MTFFWFFIL ©isT myyJd PGssay nghyiTth Njhdw egej id gdtUkhw
gha JNEWghL d =nl/

D D
y:nyT myy yn:nyT
P Gssjaty nghy)Tth Njhdw ,INt egejidahFk. ,gF y,vdgd O tiyjUed n

tJ nghyiTthad njhiyitf Fwffwd.
fUurk th myyd nwkjjwfhd egejid
Mo TFFWFFIL ©isT myyJd P Gssjayy fUirkth NjhdWtjwfhd egejid

gd tUKhW>
gdtUkhW>

gha JNEWghL> d =(2n —1)%
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(2n-1) ID (2n-1) ID
== <  m J =" 7 _
2 g TYYY hET T

FfUrkth Njhdwejwfhd egejid gdtUkhw>

_(@2n-1) ID _(@n-1) ID
2 q Y T
PGssiagyy fUrkthj Njhdw ,INt egejidahFk. ,qF ynvdgd O tylUed n
tJ fUrkthfs njhiyrtf Fwiffwd. nghyT kwWk TUrkthfs NjhdwWk
tjjijg fhlLhHdwd.

Jinuayyy mkagnghyTthad ,u=zL gffgfsiYk nghyiT kwWk fFUrkthfs
mLjjLJIJ NjhdWk. wkagnghyiitr RognghyiT vdTk (0t bright) mjd
nghlihrnaht Kjy fUrk kwwk Kjy nghyT NjhdWk. mLjJ ,u=zlhtd fUirk
kwWk ,uzbhtJd nghyiT NjhdWk. ,tthwhf> mkagnghytid ,u=zL gfFfgfsiYk
cssthW fUirk kwwk nghyiTgglalfs mLjjLjJIJ NjhdWk.

gli 1 mfyjjwfd NFhit

,UuZL mLjjLjjJ ngyiTth myyd FfUrRkthfSfF ,i1lNa css njhiyT
glal myfk () vd miaoffggLfwJ.

ikagéss) O tywej (n+l) €3 nghyiTthfFk n €tJ nghyTthfFk , §lINa
css njhiyT glil mfyjijf nfhLfFk
ID 2 1Dy

@8 d g

b= y(n+1) Yo = g(n +1)_

nghyrtwfhd> b = %

, Lthh\w EkagGss) O tyled (n+l) €3 fUrkthfFk n tJ fTUirkthfFk
,1INa css njhiyDT glal mfyjijf nfhLfFk.
b=y . -y _&(2(n+)-1) /D6 2(2n-1) ID{

MR T dg & 2 dgp

fU i kFfhad> :%

1 kagnghyiT> thad ,UGwWKk mf mfyKirla nghyiT kwWk fUrkthfs rk
, 1Intsjay NjhdWk vdW mwayhk.

njsithd kwwk mfykhd FWFFlLg thfisg ngWwtjwfhd egejidfs

1. xs) yjjwFk jJimufFFk , mINaAss njhayT D kFf mjyfkhf ,UFF
NtE=Lk.

2. gadgLjjggLk xsjasd miayesk A kf myFkhf ,UFF Nt=Lk.
3. ,uzL gsTFfSTF ,1lNaAss njhiyT d kff Fiwthf ,UffF Nt=Lk

gyt=z= xsjadhy VwgLk FwFFIL ©isT
gytzz xs@aidf nfhzL (ntsis xs)) efojjggLk FWFFIL isTfsy
nNteNtW ewgfs nfth=zl t=z=zthfs jJprvayy NjhdWk. ,jJwFF fThuzk

NEENEW t=z=qfs nttNtW miyesqgfisg ngwwuUggjhFk. ,UejNghjiYk
tkath myyJ Roth vgNghdk nghyrthfTk nt=zik epWJJka Tth=zgglLk.
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, JWFF Tfhuzk i1kak O tty tOk midjJd t=zz=zqfSTFk ghirjNtWghL

RoahFk. vdNtb midjJd t=zz=zqgfSfFk i1kagéss) O tty MTFFFFWFFIL
tisT KILNK ed IngwW> mkak nghyrthfF fhlnasfFk

ehd kJ glhejjJufFFk vznzag glyk kwWk NrhgGfFFkio Nghdwrt Nghy
f=fTth t=zz=zqgfis ntsiggL j I fidwd gljjy fhllgglLssJd)
,ttZz=zqfSTFFf fhuzk nkyNyLfsid NkwgugG kwWk mbgguggwF , i lay
gyKiaw vjnuhsigt milej ntsis xsffjhfsd FWFFIL t©isthFk
,ttz=zqfs nkyNyLfsid jbkd> nkyNylLfsid xsitiyfy vz kwWk xsjad
gLNfh=k MTiatwiwr rhhejjhFk.

nkyNyLFfs)y VwgLk FWFFIL ©isT (Interference in thin files)

xstyfy vz (FWFffILg glilad thar n cld Nrhjd Foggf
nfhssf$IhI vdgjwfhf p vdW nfhLffgglLlssd) kwWk jbkd d nfh=l
nkyNyL xdswf TUJINthk. ,knkyNylbd fThlbAssthW ,1= Xxsiffwiw
xdW i vdw gLNFh=zj iy ©Ofwd. ,ej Xs| gLGssjaly vjinuhsiggs Ak gFjp
kwwk tyfyilAk gFj) vdw ,u=zlhfg ghfwd xstyyfy mialej gFj
nkyNylbd <csNs nrdW nkyNylbd mbgguggy NkYk ,u=zL gFjifshfg
ghfwd. xUgFji nkyNylbad cLUt) ntsNawfwJd. kwnwhU gFj) nkyNylbd
clGwk gyKiaw vjinuhsigé miltjhy> NkYk vjnuhsigé kwwk xsitiyfyilej
gFjifs cuthfidwd. ,knkyNylbdhy vjinuhsigé kwwk CLUty milej xU
miyfs jdjjjdNa FWFFIL tisit VwglLjJHhdwd.

cLUbr nrdw vwgLk FWFFIL ©tasT

CLUtr nrdw xs) miyfs FWFfIL tisit VwglLjjj njhFgad
xsirnrmitf nfhLfFk. B kwWk D Gssifsyyiled CLUtirnrdw xs)
miyfsid ghij NtWghlaI¥ FUINthk. xs) mayfs ,u=zlhfg ghaf milAk
B Gssitiu ,uzL xs) miyfSk xdwhfNt nryYk vdN® ,uzL miyfSk
xjjfiljpy ,UfFk D Gss) toahf CLUtr nryYk xs; miy nkyNylbd
csNs flednrdw $Ljy ghij BC + CD MFk xs) miy nkyNylbd csNs
nrqFjJg gLTfjh enyay Nkhdfwd vdWk (i = 0) Vlibd jbk=z kff FrwT
vdWk fUjdhyy B kwWk D Gssifs ,uzlLk xdWfnfhdW kF neUFFkhf
mikeJdssJd vdyhk. vdN® xs) miy Flednrdw $Ljy ghij Njhuhakh® BC
+CD=2d. xsigyfy vz pnfhzl CIfjjid csNs ,f$Ljy ghij cssjhy
xsjaiay ghi jN€tWghL 6=2 ud

CLUtr nrdw miyfsidhy VwgLk MFFFFWFFIL tastwfhd egejid

2ud = nA
,NjNghdW> CLUtir nrdw miayfsidhy VwgLk moTf¥ FWFFIL tistwfhd
egejid

2md = (2n —1)%

vjinuhsigé milej xsjaidhy VwgLk FWEFIL ©isT

nfhsifugiaht kwWk Nrhjsdfsd %ykhfTk mlhFaw CIfjjd toahfr
nrdW> mlhklF CIlIfgguggdhy vjnuhsigét miElAk xs) miyfs p vdw
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FIINEWghl a1l ngWk vd e&gffgglLssd. vdNt vjinuhsigG milej xsifF
$LjYy ghi jNtWghL A/2 i tF FUJNE=LkK

nkyNylbd Nkwguggy A Gssjaly vjnuhsigé milej xsifFk. nkyNylbyUeJd
C Gss) toahf ntsNaWwk miyfFk , i INaahd ghij NtwghlaIf fUJT C
GssiayiUed ntsiNaWk NkNylilg nghWjjtiu nkyNylbd csNs S$Ljyhff
fleJdtej ghij AB + BC. nrqFjJdg gLNfFh=z eiyay ,FfSLjy ghijad
njhiyT Njhuhakhf AB + BC = 2d ,f$SLjyghij p xsgyfy vznthz=l
CIfjjDs cssjhy xsjad ghijgNtWghL 6 =2pd MFk.

JinuhsigG mayfsidhy VwgLk moT¥ FwfflL wistwfhd egejiad

2pd + ?l =nA (m) 2ud =(2n-1) El

mihFiw CIfjjJiy A Gssay mlhkF nkyNylLg guggdhy vjnuhsigG
milejghy p  FLHINtwWghl§al ngWwfwd. vdNt ,f$HSLjy ghi jNtWghL
1/2 ,qF VwgLfidwd.

Jinuhsigé meyfsidhy VwgLk moTf FWFFIL tistwfhd egejnd

2ud + El = (2n+1) 3’ (m) 2ud =ni

nrqFjJg gLNfh=z eiyay xs) miy nkyNyL guggd kJ tiohky> NtW xU
Fwggll gLNfh=zk i y ©tOejhy>y mjwfhd tiyFNfhzk r MFKk. vdN©® ghi j

NtEWghlbwfhd NkwF=1 rkdghlbd ,lggffk css 2ud vdw 2ud cosr gjk vd
khwwk 1 1Ak,

tYskG i sT (Diffraction)

tskG tidahdd midjJ miyfSTFkhd nghdthd g=G ,jiy Xy miyAk
migFk. Jilad tiskgy tised nrdW jilad tbtiay ujiahd eoYTfFs
miy nryYk efoTfF tiskG ttisT vdW ngah. fjh xsjaayyy ehk gadw
xsjad NehNfhliLggueYTF ,J vjuhdjhFk. Mdhy jilad msT xsjad
miyesjJld xggljjff msty fth=zggllhy KkILNkK tiskkGC tEsT VwglLk.
,jd Thu=zkhfjjhd. FfjTfs> [ddyfs kwWk TFlllgfsidhy xy1 miyfs
tskG wisT milfidwd. xyjaad miyesk ,jjilfsid msTid xggljjff
mstlyy cssJ. xsjaYk tiskG twisT Vwgh jilad msT xsjad
miyesjJld xggljjff msty ,UFF Nt=zLk

gnudy, kwwWwk guhNdh/gh (Fresnel and Fraunhofer) tiskkG t)asTfs
tskG tistilAk miyKfggd tbtjijg nghUjd gnudy kwwWk guhNdh/gh

tskG tHisT vd ,UtifggLjjyhk. gnudy kwWk gnuNdh/Zgh tsikG
tisTFSTRE INaahd NtWghLfs ThllgglLssJd.

gnudy, kwwk guhNdh/gh tiskkG ©HisTFSTF , i INaahd NtWghLfs

tvz=z | ghudy tiskG ©isT guhNdh/gh tisikG i sT

1. Nfhst (myyd) cUis tbt | rkjs miyKfgé tiskGC thistwF
miyKfgé tiskG tistwF | clgLfidwd
clgLfidwd.

2. XS] miyfist nfhLfFk | xs) miayfist nfhiLfFk Xxs|
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XS|%yk> tukGFFIgll | %yk <hyyhj njhiytlyy ,UFFk
njhiytyy ,UfFk

Matf #oyy Ftnyd]fs | Matft Hoyy Ftnyd ] fs
gadgLjj Nt=zbajiyiy gadgLjjggl Nt=LKk.

cwW Nehffy kwWk MaT | cwW Nehffy kwWk MaT nratd
nratJ fbdk vsiJ

cwW Nehffy kwWk MaT nraa guhNdh/gh tiskkG ©wasT vsjajhf ,Uggjhy
guhNdh/gh tisikG ©EsT.

xwiwg gstyy wglLk tisikkG ©HEsT (Diffraction at single slit)

AB mfyk nfhz=zl xwiwg gsT xdwd kI nrgFjjhf ©Ok ,1=
xsiffwiwraf (rkjs miyKfgG) FfUINthk tskG tiaistilej xsiffwiw
gstiyed D njhaytyy mtffgglLss jimvay tgOfwd gstid skajij O
vdf. gstd jsjjwFr xsffwiw gstiyUed D njhiytlyy mtffgglLss
Jiuivasy vOfwd gstid skajij O vdf gstd jsjywkFr nrgFjjhft C
Gss) toNa nryYk NehNfhL pimvasy O vdw Gssiga milfwd. jinuvay
gstid nttNtW CGssifsyy ,Ued P 1 milAk xsiFfjhfs nrgFjJ3f NFhNIhL
ONFh=zjuj VwgLjIHidwd.

gstid nttNtW GssifsylUed tUk ,i1=z xs) miyfs jjiuvay P Gss)
kwWk ,ju Gssifsyy xdiw xdW FWFRILJ] njhFgad xsirnrwitf
nfhLfidwd. P Gssp tbtiay ujlahd eoy gFjiay cssJd. tiskG tistd
fhuzkh® ,ggFj) tiu ikagngUkk guty fh=zggLfiwd jiivayy css Gss) P
NtENEW rWkgfis miltjwfhd egejidfist ehk fhz=zNt=zLk gsit
,ulmlggnl vzziFitAila nWrw gFjifshfg ghgJt nfth=lhy
mggFjifsiylUed tUk xs) miyfsid ghi JNEWghLfs xdwidjJd> P Gssjay
moTf FWFFIL wtisit VwgLjjp rWk xsr nrwit czlIhfFfwd.
ngukqfis tistFgjwkP gsit xdiwggal vzzifFifArla nWgFjifshfg
ghhy Ifnfhss Nt=Lk

PGssiayy, Kjy nWkk vwgLtjwfhd egejiad

gsT AB I AC kwwk CB vdw ,uzL muuggFjifshf ghjJf nfhss Nt=Lk.
xtnthU gFjlaad mfyKk a/2. ,gNghd gstyy a2 JjuKila nttntW
CssIFSTF xgG Gssifs (Corresponding points) vdW ngabh.

NEENEW Xxgg GssifsyiUed tUk xs) miyfs P Gssjay xdwld xdw
NkwnghUej; moTf FWFFIL tiaisit VwglLjgp Kjy rwkjsj VwglLjJIfwd.

XgG GssifsyyiUed tUk xs) miyfsid ghi jNtWghL d:gsinq

P Gssjad Kjy rwWkk Njhdwejwfhd egejind %sinqzé

asing=2x\
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AB gsit a4 mfyk nfh=zl ehdF gFjfshfg ghjJf nfhss Nt=zLk
gstid elLNt a/4 Jjuk nfh=zl xgg GssifsyiUed tUk xs) miyfSTF

,iINaahd ghii JNEWghL> d:%sinq

PGssjaly ,uzlhk nWkk Nyghdwetjwfhd egejnd> %sinq:§

asing=21
P Gssjayy, %dwhtJ nWkk VwgLjJdtjwrhd egejid

Kddh $wathh\w gsit MW rk ghTfshfg ghjJdfnfhss Nt=Lk P Gssay

%dwhtd rWkk VwgLtjwfhd egej i db %sinqzé

asing =31
PGssiaty, ntJd rnwkk vwgl egejid

gsit 2n vzzfifAila (,uzil ,yff vzzfif) rkgFjfshfg
ghjJdfnfhss Nt=Lk Xh xgG GssayUed tUKk xs) miyia kwNwhh XxgG
GsslayilUed tUk xs; miy mofFk egiyay n tJ rwkk

Vwgl egejid> isinq :1
2n 2
asing =nl
,gF n vdgJd tiskG twasT rwkjjid thir n=1,23
ngUkgfSTfhd egejid

ngUk xsirnrwiT Vwgl> gsit xwiwggil vzziFifAila rkgFjifshfg
ghjJdfnfhss Nt=zLk ,tthW ghggjdhy Vjhtd xU XxgG GssayiUed tUk

xs) miy moffgglhky ,UfFk. vdN® P Gss) ngUk xsirnrwitly fh=zgglLk.
Kjy ngUkjjwfhd egejad>

a . ) a . 31
—sing =— (myyJd) —sing=—
35N =7 (myyJ) 3=
,uzZlhk ngUkjjwfhd egejid>

a . ) . 51

gsmq:E (myyJ) asmq:7
%dwhk ngUkjgwfhd egejid>

a . ) 71

=sing =— (myyJ) asinf=—

Zsing=— (myyJ) >
> NJNghdW> ntJd ngUkj jwfhd egejid

asineg (ntJ ngUKKk)

,gFn=0,123...., vdgd ngUkgfsid thirahFk.

ika thir ngUkjjwkP Ro thiar ngUkk vdW ngah. mLjjLjj rnWkqFfSTF
flljjll elLNt ngUk xsirnrwiT fh=zggLk.
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,gF sin 6 vdgJd tiskG tiistid Nfh=z gutiaiyf nfhLffwd. Njhuhakhffyid
mbggi layy jiiuad ikajjryiUed % njhiytlyy mikedss ngUkk myyJ

nNWkjjid eliyia sin 0 twF gjiyhf tan 6 nfh=zLk trehfFyhk. (Vnddy kifTk

rmaJ) vdNt sinf=tan 0= %

,gF y vdgd jpiiuvad ikajjiyiled ngUkk myyJd nrnWkk mikedss
eguiyraf FwffwJd. NkYk D vdgJd xdiwggstiylUed jiiu €ss njhiyintf
FwffwJd.

Kijy nwkjijg gwwa tstfk
xwiwg gsT tiskGC tastyy Kjy rwkjjid rkdghL asin6 =1 Kjy rnwkjjid

Nfh=zg guty> sin 0 = i ,UgFfgfsiYk cUthFk Kjy rwWkqfSTF eLty
a
i1 ka ngUkk fh=zggLk , jwfhd rwgG NehTfis ,qF fh=Nghk.

1. a=Avdy sinf =1 mjhtd 6 =90. ,jd nghUs Kjy rwkk 90° ,y
VwgLfwd vdgjhFk. vdNt tbtlay ujiahd eoy gFj1 KOtJk
1 kagngUkk guty tiIsikG thasTF Fpru 90° tistfwd.

a>A kwwk miyesjJdid xggljjff mstyy mikAk Nghd mjhtD a=

21 vDkNghJ> sin 6 = % vdNt 0 =30°. fzirkhd gutYld tiskG ©isT

fh=zggLfwd. MfN© tskG t©isT njsiehf fh=zggltjwF gstd
mfyk a MdJ xsjad miyesk A 1t ©l xU ny klqgFfshf ,Ujjy
NE=zLk vdgJd njsrehfwd.

3. a> \, twF sin 0 << 1 mjhtdr Kjy rWkk gstid mfyjjwFsshfNt
mikAk. vdN© tiskG tiasitf fh= ,ayhd.

gnudy njhiyT
tskG ©EsT efotyy xs) miy tised nryYk ,ej xsjad tisAk g=6
mjd NehNFfhIL gutYTF KwwYk vjuhdjhFk. tiskkG thasT mialejy fjb
gstiyiUed z njhiytyy ika ngUkjjid msit tulf $Lk tiu ,ej tised
nerk ,ayG Th=zgglhd. vdN© vejj njhiyT tiu xsjahdd fjh
ppanF clgLfwNjh myyJd vejj njhiyTFF mgghy fjh xsaaYfFE
Clglhky miy xsiaaYfF clgLfwNjh mejj njhiyT gnudy njhayT
vdggLk.

Kjy rwkjjwfhd tsikkG ttisTr rkdghL sin 0 =é 0= Q6

rwiajhd jhy)
gnudy njhiytd truvarwaylUed

a a
267:; (myyJ) 9=
,UZL rkdghLTisAk xggLkNghJd>
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vdN®t gnudy njhiyT z
a‘2
21
FWFFIL bistwFk tskGC aistwFk css NtWghLfs

z

FWFFIL tbg©isT kwk tgskGuisT ,uzilAk NtWglLjjigghhggd kifTk
TbdkhFk. Vnddy» , tu=zL g=zGFSk xsjad miygg=1ig
ntsiggLjJdfhdwd. ,ttu=zL efoTTs)YNk jimuagyy cUthFk ngUkgfs kwWk
rMVkgfSTF FWFFIL ©isTk tbtay efwgFjlay Xxsi guTjYTF tskG
gisTk fThuzkhf mikfidwd. FWFFIL tGisty NkwnghUedjYk tsikG
gisty xsjad tised nryYk jdikAk KfhajJdtk ngwhdwd.
,UejNghjivk. ,ttu=zL twisTfsd Njhwwjjid mbggalay gdtUk
NtWghLfs f=L=zugglL nfhLffgglLsd.

fw=zjayy, VwgLk t©s)kG tyisT (Diffraction in grating):

tskG twisTF fw=zay rk mfyKilaa mjf vzzififay mikej
gsTfs fh=zggLfidwd. gsTfsid mfyk tigkG tistilAk xsad
miyesjJdld xggljjff mstiyy miakejJUfFk. xsiGFk nghUsid kJ
XsIGFhfNFhLfs tiauagglbUfFk. t=zfujlasy nraaggLk etd tiskG tisTfT
fww=ziary xU nrdbkllhy 6000 xsiGFhf NfhLfs tiaugglbUfFKk. j i INghdW
nraygLk xs|iGFhf NFfhLfsid mfyjij b vdTk xsiGFhf NFhLFSTF elLNt
mikedss JisNghdW nrayglLk xsiGFk gFjiaad mfyjij avdTk nfhst.
Xh xsiGFk gsT kwWk Xh xsiGFhf NfhL Mfiatwwd nkhjj mfyjjwF fuw=)
%yk (e =a+ b)) vdW ngah. mLjjLJJ gsTfsyy css fw=z) %yjjwFr
rkkhd njhiytlyy mikeJdss GssiFSTF xgG Gssifs vdWngah.

rkjs tiskG gasTf fww=z) AB If TfUJTF ,fhw=zjay> rk mfyk nfth=l
mLJjLIJ gsTFSk rk mfyk b nfh=zl XsGFhNFILFSkKk ThlbAssthw

mikedssd. AmiyesKila xwiwewr rkjs miyKfgc xdW fww=zjad kJ
nrqFjjhft ©€Ofidwd vdf TfUJT.

FWFFIL ©isT kwWwk tisikG isTFSTF , 1 INa css NtWghLfs

tvz | FWFFIL tasT tskG ©iasT

nghyiT kwWk fUrk thfs xNu|kw thfis tl §1ka thad
mfyk nfh=zIlit mfyk ,U kIgF

vyyh nghyiT thfSk flljjll | cah thir tskG t©isT
XNu xsirnrw i tg ngwUFFk thfsd xsirnrwT Ntfkhaf
F awAk

xs| thfsd vzziFif myfk xs| thfsd vzzFif FiwT

fw=zjadd kJ tiOk xsjad miyesk gstid mfyjJdld xggljjff msty
cssjhy fww=zjahy mtnths tiskG ©hisT milAk. Fonyd] xdiw
gadgLjj) tskCuistileyj miyfis Juuadkd Fojjhyy sk
gasTggal mikgc hilfFk. fw=zjaid w©kajjiyiled jJimufF tiruaggll
nrgFjJf NfhiLld ONFh=zj )y mikedss Pvdw Gssimaf fUJTF. xU N[hb
mLJjjLJJ XJiGssifsiyiled nrdw tiskG tiistile] miyfSThiINaahd
ghm JNtWghL
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6=(a+b)sind
midjJ mLjjLjJ N[hb XJjCssiFSTFk ,gghajNtWghL rkkhFk. P Gss)
nghyiTld ,UFF

0 =mA,qF m=0,1,2,3
Nkwf=z1 ,u=zL rkdghLfisAk xggLkNghJd»

(a+b)sind =mAi

,gF m vdgd tskG tisT thirahFk. Gss) P Ro thirg ngUKkkhF
, Ugggwfhd egejad> m=0

(@+b)sind=0vdy> tiskG wasTF NfFhzk 0 =0kwk m=0 , JwF Ro thirg
ngUkk myyJd wmkagngUkk vdW ngah.

Gss) PKjy thirg ngUkkhf ,Uggjwfhd egejid m=1

(@+b)sinf:=Avdy tskG ttistilej xsjahdJd gLk xsjad jiarAld
O1NFh=zjij VwgLjJk NkYk Kjythirg ngUkk fil IfFk.

Gss) P ,uzlhk thirg ngUkkhf ,Uggjwfhd egejid m=2

(@ + b) sin 6 = 21 vdyy> tiskG tiistilej xsjahdd gLk xsad
JiairAld 6NFh=zjij VwglLjJk NkYk ,uzlhk thir ngUkk fii IfFk.

Gss) P, m-MtJ thiirg ngUkkhf ,Uggjwfhd egejid
ikag ngUkjjd ,uzL gffgfsiYk ntetNtW Nfh=z enyfsy
cahthirg ngukgfs fim I fFk

, tthwhf vLjIfnth=lhy>

1

“a+b
fw=ziayy xuyF mfyjjwF tiuvaggll fw=z) %yqfs myyJd Xxs|iGFhf
NfhLfsid vzziFifia N nfhLfFk. nghdth® fww=zjaNyNa N ,d

kjigG vOjgglbUFFkK.
vdN®

% sin 0 = mA myyJ sin 6 = NmA

xwiwggsT Matlyy rwkjywfhd egejad a sin@ = nh\ ,gF n vdgd
rMvkgfsid thiaf FwfFk. Mdhy tiskG t©isTf fw=z) Maty
ngUkj gwfhd egejid sin@ = NmA ,qF m vdgd ngUk tiskG tisT
thpirikaf FwfFk vdgij khz=zthfs ftdKIld eidty i1tjjuUff
Nt=Lk.

xwiwew xsjad miay esjijf fh=zgjwfhd Nrhjiad

XsSiIGFk tskG ©isTF fww=z)jgaf nfhzL ewkhiythad miyesjijj
Jyyiakhtf f=zlwayhk ,jwF ewkhiykhdr vdw FfuUuty NjirtggLfiwd
ewkhiykhdiaosd njhlfF ruikgGfis nraa Nt=zlLk miyesk fthz=zNt=zba
XWEW ew xsjadhy , 1 zahfhad gstid xsIAL Nt=Lk.
nghiyNehfhayad , izahfifF Neuhf mikjJdg gstid Neub gkgjjindf
th=z Nt=zLk , izhaffiylUed tUk gLk xs;] miyfFr nrgFjjhf cssthw
tskG gisTt fww=z)jia Kggllf Nkl kJ mikff Nt=zLk Kjy thir
tskG tisT gkgk njhAk tiu njhiy Nehfflaosd xU gfFfkhfr
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RowwNt=zLKk. nghiyNehffi mikedss eiuyffhd mstLfist FwjIfnfthss
Nt=Lk.

,NJNghdW kwnwhU gFFkhf njhiyNehffinar Rww Kjy thir tskGC ©isT
gkgjij rhnrajgd mstLfisft FwjJf nfhssNt=Lk ,u=zL eiyfSTfFk
, 1INa css NtWghL

XU FWejfL (Compact disc) fzfth t=zz=zqfsy gsgsthdwd. gjiT
nraagglbUfFk gsgsgghd gffjjiy tllitbt FWfa ntlLfs fTh=zgglLk.
,ntlLfsd mfyk Tz=zZW xsiaxd miyesjJid xggljjff msty
cssjhyy ntsis xs)] miyfs FWejfLfsd ,ggffjjd kJ glIL
vjnuhsiFFk Nghd tskG ©isT VwglLf f=fTth t=z=zqfsyy FWejfLfs
NyhdWfidwd. ghlyfs kwWk glgfs gjiT nraagglbUfFk gsTfs tskG
gasTt fww=z) NghdW nraygLfidwd.

20 ntf nfhLFFKk. ,jd kjiggy ghjp Kjythiar ngUkjywfhd tiskkG ©yasTT
NfFh=zk 6 mtf nfhiLfFk xsjad miyesk gdtUk f=zfRlggLfwd.
_sing
Nm
,gF N wvdgd xU Kkllh esjjiy fw=zay tiuvaggll NfhLfsd
vzziFifahFk NkYk m vdgd tiskG tasT gkgjjid thirahFk

NttNtW t=z=zqfsid miayesqgfist f=zlwjy,

ntsis xsjiag gadgLjJkNghd> wmkagngUkKk mjd ,u=zL gffgfsiYk
nyhlhrriahd t=z= tiskGC thisTgglelfs NjhdWk. mkagngUkk nt= ikahf
nghAk midjJd b©=z=zgfSk vttty ghajNewghLk ,dw xdiw xdW
tYTIALk tifay i1kajjyy xdwriztjhy. 0 mjFhFFkNghd> ghi JNEWghL
Cjh Kjy ntgé tiu css midjJd t=zz=zqfsd ngUk tiskkG ©isT
eigej idAk emwNtwWk. mkagnghyrtild ,u=zlLggffgfsiYk Cjh Kjy ntgG
tiuAss ewkhiy mikgeig cUthfFk. nttNtW thiarfist nfth=l1 tskG
tisTF Nfhzgfist fzlwed t=z=zgfsid miyesqfisg gdtUk
rkdghlbadg gadgLjjif f=zfhlyhk
_sing
Nm
,gF N vdgd fwwzay xU kllh esjjy tiuaggll NfhLfsd

vzzifFifiaAk m vdgd tiskG tyasT gkgjjid thiriaAk FwfFk

(xsjayay) ghigG (Resolution):
gkggfsid Jyyajjdikiag nghWjjtiu tiskG thisttd jhffk tiUkgjjthj
xdwhFk. xwiwggstyy #kagnghyjT nghUs)Yss xtnthU GssjiAk Gss)
%ykhfr nraygLtjhy> mjd gkgjjiy xtnthU GCssarYk wkag ngUkk
thenled th=zggLk. nrttfg gstdhy VwgLk mkag ngUkk (myyJd Kjy
nWkk) %yk ngwgglLk.

asing =1
Mdhy xU tllg gsT (myyd Jis) xU ika tisaqfisg Nghdw tiskG
tisT mikggad cUthfFfidwd. ,1t Vh jJILfs (Airy’s discs) vd
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muoffggLfidwd. ngUkghyhd xsjajlay fTUtifs tllg gsTfs %ykhfNt
gkggfais cUthfFfidwd. tllg gstwfhd #@1kag ngUkk myyd Kjy
nWkjjwfhd ejgejnd.

asing =1.221

,gF 122 vdw vzkjige tlljJis xdwdhy VwgLk ikag ngUkk myyJ
Kjy nrwkjjd NfhatfF chad. ,jid tsfFgjwF cah fzjk
Nj mtggLtjhy ,jidggw cah tFgGFs)y gbffyhk.

rwma NFh=zgfSTP sinf=0
af=1221
rkdghlbid NkYk khwwa i kFFk NghJ»
_1.221

a

tbhtayd gb» ¢ :rTO

gupiaulL khwwa 1 kP
_l221f

a

vLjIffthlbw mUTUNF mikedss ,U Gss %yqgfs mtwwd gkggfisj
Jiivayy cUthfFfidwd. xdwd tiskkG ©hisT tbtiaikgG (pattern) mLjjjd
tbtikgGld nghUej) xU kgfyhd myyJd ghffgglhj gkgjij cUthfFFk
Jukhd myyJd edF ghffggll gkgjij cUthff ,U Gss) %yqgfsid tisikG
tisT tbtikgGtfs xdwd Nky xdW nghUejhj tifay stffggl Nt=Lk

o

,UNyad egejadggh> xU gkgjjiyss ,U mLjjLjJ GCssifSs xU
GssaDila tskG tisT i1kag ngUkKk kwwjd Kjy nWkKk nghUej)
tejhNyh (myyJd) mjwF kWjayahf ,UejhNyh mgGssifs rwNw ghffggll
Gssifs (Just resolved) vdggbk mjhtd ,U iwkag ngUkgfSTF , mlggll
nghayT Fiwejglrk ro MF ,UFfF Nt=zLk ,kkjigéG ,Ikrhh gugG vdTk
nghlhGa la Nfh= kjigG 6 NFh=krhh ghgé vdTk msoffggLfidwd.

XU nghUsid kJ kif mUFUNFAss xU GssiFisNah myyd mUFUNF css
nghUsftisNah ghjJdg ghhfFk (myyJd) NtWglLjjig ghhfFk jwikfF xsjaay
fUtiald ghgwd vdwW ngah. nghdthfg ghgG vdw nrhy cUthFk gkgjjd
JugmjAk ghjwd vdgd xsjaay fTUtad ghjjwAk jwikmaAk FwfFk.
ghgG kwWk ghywd , i tau=zlLk xdwd jiyfo kwnwhdW MFk.

xsjad jstyiasT (Polarisation):

FWFfFfiyfs nelliyfs , 1tau=zLNk FWFFIL ©isT kwk tiskG tiisit
VwgLjJdfidwd. xyr miyfs $l1 ,ttu=zlL gisTFisAk VwglLjJdhdwd.
Mdhy xsiadd FWFFiyg g=zG jJstistid %yk ewtggLfwd. XsS) miy
guTk jJiarfFr nrgFjjhf css xU Fwggll piiray xsiad mjhTfis
(kidGyk myyJd ThejgGy ntflh) mDKjfFk efornfF xsjad jJstisT
vdW ngah. ,ej myfy GhednfhstjwF vsjikaht ,UfP kdGyk KkILNk
vLjIfnfhssgglLssd.

KOtJdk jstiis milej Xs) (Plane Polarized light)

miyguTk JierfFr nrgFjjhf css sy midjJd JiarfsYk
myhTFisg FWffiyraNa jJstistw xs|] vdgh jJstiizstw xsjad
midjJd mjhTfFSk xU nrgFjJdf $WFshfg ghjIF FhllgglLssd.
miyguTk JiarfFFf nrgFjjhf css jsjyy xU jimray kILk mjhTfisg
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ngwwss xs) miy> jstiisT milej xs) myyJd KOtJk jstuasT milej
xs| vd muoffggLfwd.

Jstistw kwk Kotdk jJstuisT milej xs miyfs kdGy
ntfFlhfisf nfhzlss jJsjjwF (ABCD) mjhTjjsk vdw  ngah
xsfFfwiwiaf nfhzlss mjhTjjsjjwFr nrgFjjhf css jJsjiwF
(EFGH) jstisTjjsk vdW ngah. ,ttiU JsqfSNk xsjiguTk piaraindf
nfh=zbU¥Ffk.

JsuisT milej] kwk jJstiisT milahj xgffwiwfsid ry g=Gfs
tthffgglLssd.

JstuisT MTFk Elggfs (Polarisation techniques)
Jstistw xsjayUed> gyNtW Elggfisg gadglLjjiy jJstuisT milej
xsinag ngwyhk. ,qP gdtUk ehdF Kiwfisggww kILk gbffyhk.

1. nghT clfthjy %yk jstinsT MFffk

2. vjinuhsiggd %yk jstinsT MTfFk

. Sulml xstuyfyid %yk jstiaisT MFFk
4, xsirrnjwy %yk jstiisT MTFFk

NjhenjLffggll clfthjy (myyJd) njhT clfthjy %yk jstiisT MFFk
(Polarisation by selective absorption)
njhT clfthjy vdgJd nghUsid xU g=zghFk. Fwggll xUqfikT jiirfF
,1zahf css jsjjiy klILk kdGy mjhTFfisg ngwss xs) miyfisj
_]d toNa nryy mDKjjjJdk kw midjJ xs) mjhTFisAk clftUk
nghUsid ,gg=zgwFj njhT clfthjy vdwWw ngah. Nghyuhalfs (Polaroids)
myyJd jJstisT MTfhfs vdgit nkyya tzf ujiahfg gadglLk
JTfLfshFk. ,1®© njhT clfthjy g=zi1g mbggilahff nfh=zL mjifr nrwT
nfh=z1l KOtJdk jstgisT milej xsi miyfis cUthfFfidwd. njhT
clfthjiy ,Ut=z=]j jdik (dichroism) vdWk m i offyhk.

1932 ,y mnkhff mwtiay mwOQh vittd yh=l (Edwin Land) vdgth jfL
thtyhd jJstiasT MFhRfis cUthffidhh. ,awsfay HilfFk jstisT
MTH Ihkayd (Tourmaline) MFk. jstiasT MFTAFiIsr nrawifahfTk
cuthffyhk. rma Cr tbtiyhd Fadid mNahNIhryNgl (Quinine iodosulphate)
ghfgfs Xsiiaj JstuisT MTFk g=zgundg ngwwssd vdf
f=zlwagglLssJd. ,uzZzL XxsiGFk gsh]bf JFLFSTF elNt mjyiFf
vzzfifay ,ggbfqfsid mrRfs xdWfnfhdW , i zahf cssthWw mikjJD

mjaidg Nghyuhalhfg MyT ~hy (Polyvinyl alcohol) nkyNyLFfisg gadglLjjig
NghyuhaLfs cUthffggLfidwd. , 1 © mjf xsfljJdk jdik nfh=zl ewkww
gbfgfshFk. NkYk , 1t rnwej Kiway xsjiia jstiisT milar nrafidwd.

JstuisT MFH kwwWwk jJstisT Mat) (Polarisar and Analyser)

JistuisT mw xsiFfwiw xdiwf FUINthk. xsjiguTk jJiarfFr nrgfjjhf
css midjJdj jinrfsiYk jstimstww

jstuisT milej kwwk jstiisT milah xsiffwiwfsid ny g=zGfs

tvz | JstiisT milej xs) JstiasT milahj xs)

1. xsFrjhguTk JiarfFr | xgffrjh guTk I
nrgFjjhf c<css xNu  xU | nrgFjjhf CSs m

rfFr
djJd
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Jsi)y kILk kdGy ntflhfs
mjhTfisg ngwwUFFEK

Jiirfs)Yk kdGy ntfihfsd
mjhTFfs gghlgglbUfFk.

xsFfjh guTk jiarmag
nghWjJ rkrruwwJd

xsifFfgh guTk gpimrmag nghWyJd
rkrruhdJ

jstuisT MThfisg
gadgLjjpr JstuisT milahj

kughd xsi%yqfsyyiUed
,ttifahd xs finlfiwd

xsjayiUed> ,ttifahd xsg
ngwggL fiwJ.

xsiffwaiw mjhTfisg ngwUTFFk. ,ffwiw P: vdw NghyuhalL tolNa
nryYkNghd xU Fwggll Jsjjiy klILk mjhTfs mDkjffggLfidwd.
Nghyuhaby ,Uej ntsiNaWk xsiffwiw kwnwhU P> vdw Nghyuhal toNa
nrYjjoggLfwd. xsiffjisu mrrhff nfth=zL P, Nghyuhaslr RowWkNghd P:
Nghyuhabd xU Fwggll eiyay xsirnrwiT ngUkkhfwd. ,ej emyayUed
Nghyuhas I NkYk RowWkNghd xsirnrwT Fiwa MukgjJ> P2 NghyuhaL 90° 1
mi IAk Nghd xsirnrwT KwwYk kawedtlLfwJd. k=zLk P> Nghyuhas Ir RowWk
Nghd k=zLk xs) Njhdw MukgjJ gbggbaht xsirnrwT mjifhyjJ 180° Rowray
ngUk xsirnrwT HrlffiwJd. P: Nghyuhaby ,Ued ntsNawa xs) KOtJk
JstuisT milej xsjahFk. Jjd toNa ghAk jJstistw xsiia KOtJk
JstuisT milej xsjahf khwWk NghyuhalfFj (,qF Pi1) jJstiisT MTE
vdW ngah. jd toNa ghAk xsjiia JstuisT milej xs@ah? myyJd
JstuisT milahj xsjah? vd MaT nraAk NghyuhalfF (,qF P2 jstisT
Mat; vdWngah.

thf ,UfFk. kwnwhU ggF xsirnrwthdd jstiisT MfFhRahy jLFFggLfwd.
KOtJk kwwWwk gFj) jstisT milej xs)

JstuisT Matid RoayUed 90° tiu xtnthUKiw RowWk Nghdk
xsirnrwiT RofFk ngUkjjwFk , ilayy khwwkilejhy> mtnthsiga KOtJdk
JsuisT milej xs) vd miuofftyhk. ,JwFFf fhuzk Xh mrrny mjphTfs
mDkjffggLfidwd. ,te€rRfFr nrgFjjhf css mrny mjhTfs KwwYk

JLFffggLfidwd. ,jwF khwhP jJstiasT Matiad xtnthU 90° RowrnfFk
xsirnrwiT ngUkj JwFk rwkjjjwFk (RornrwT myy) , 1lay khwwkislejhy
mej xsjiag gFj; JstuisT milej xs) vd miuoffyhk , JwFFf fhu=zk
Fwgglll mrny xs) KwwYk jJLFFgglhgNJ MFk. vdN©® Fiwej nrwT Xs)
NjhdWHwd.

khyq: (Malus) ©i)
lo nrwT nfh=z1 KOtJk jstisT milej xsp jstyiisT Matay tOeJd |

nrwiT nfh=zl xsahf jstisT MatayUed ntsNaWkNghd> mjd nrwT
JstuisT M kwwk jstisT Matad guT JsqgfSTF ,i1lNa css
NFh=zjjid 6 nfhird kjiggd ,UkbfF Nehtfijjjry ,UFFk , jJwF khy ] tj)
vdW ngah. 1809 ,y guQR mwQh E.N. khy ] ,jadff=lwejhh

I =1, cos20

khy 1 tjyad e&g=zk gdtUkhWw jstiisT MTHh kwk jstisT Matad
Jsqgfs ThlbAssthW xdWfnfhdW 6 NFfh=zjjiy rhaedssd vdffuJdft.
JstisT MffiayUed ntsNaWk xsiad kdGy ntflhd nrwit |, vdTk
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mjd trir a vdTk nfhsf gLk xsjad trR a ,uzL $WFisg ngwwssJ
miEt acosd kwwk asind MFk. , 1t KiwNa jstisT Matad guT mrrwF
(axis of transmission) , i zahfTk nrqFjjhfTk cssd.

acos W 0 klLk jstiisT Matiad toahf ntsiNaWwk jJstiisT Matad
toahf ntsNaWk xsad nrwT> JstiisT Matiad toahf ntsNaWwk
trRfSwd ,UkbFfF Nehtfjjjy ,UFFk

| oo (cos 0)2

I = k(a cos 0)2
.dqF k vdgd tfijkhwy

| = ka? cos? 6

| =1, cos? O

,gF 1y = ka2 vdgd> jJstisT Matad toahf ntsNaWk xsjad ngUk
xsirnrwithFk.

rwgG NehTfs; gdtUkhw.
NehT (i) 0 =90° vdiy> cos0° =1, vdNt I=1,

JstuisT MFH kwwk jstiisT Matiad guT mrRfs jiarfs xdWfnfhdw
, 1zahf cssNghd JstisT Matiad toahf ntsNaWk xsjad nrwTk
JstuisT Mfflaad kJ Ok xsjad nrwiTk rkkhFk.

NehT (ii))0=90" vdiry cos90°=0vdN® 1=0

JstuisT MR kwk jstiisT Matiad guT mrRfs xdWfnfhdw
nrgFjjhf css Nghd JstisT Matad toahf ntsiNaWwk xsjad nrwT
RoahFk.

khy ] €
NghyhuhalL fs)d gadfs,

1. NghyuhalLfs> f= $Rtijj JLFFk F=z=hbfshfTk Gifggl FfUtfsy
xstbgghdhfTk NkYk ntay ThoGT f=z=zhbfs|Yk gutyhf
gadgLfidwd.

Kgghkh=z  jiamugglffhinfis mjhtd N hNyhfuhgia (holograph)
cUthff NghyuhalLfs gadgLfidwd.

gioa vznza Xtaqfsy ewqgfis NtWgLjjy mwa NghyuhalLfs
gadgLfidwd.

NghyuhalLfs xs)j jJifT gFgghatyy (Optical stress analysis) gadgLfidwd.

[ddy f==hbfs)y NghyuhaLfisg gadgLjjpr miwad csNs tUk
xsjad nrwitf FlLgglLjjyhk

. Jstiustilej Nyrh fwaw CrnKid NghdW nraygll FWejfLTisg
(CDs) gbtf myyJ mtwwy nrajifisg gjiT nraa gadgLfidwd.
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7. jut gbfjy jimuvayy (LCD) jstiisT milej xs) gadglLjjgglLfiwd.
vjinuhsiggd %yk jstisT MFFk

KOtJdk jstuisT milej] xsjia cUthffg gadgLk kf vsaKiw
vjinuhsigG MFk. XY vdw vjnuhsifFk Ffz==hbg guggd kJ> AB vdw
JstuisT mww xsiffwiw xdW ©tOfwd vdfFfUJF. ,ej xsjahdJd vjinuhsigG
kwk tyfy MHha ,u=zilAk milfwd. jJstuisT milahj xsay
vjinuhsigGy JsjjwkF , i zahf css mjhTFSk (Gssifshy FwifgglLssd)

, 1zahf ,yyhj mjphTfSk (mkGFFwfshy FwffgglLssd) cssd. xU
prggll gLNFh=j iy vjnuhsiffggll xs) KOtJdk jJstisT miledk

tyftyilej xs) gFj) JstuisT miledk fthzggLfidwd. Vnddy> jsjjwF

lzahd mjhTFs vjnuhsigéG milfidwd. kwwit tyfyrlfidwd. gFj
JstplsT milej] xs@ay ny 1 zahd mjhTFSk fhzggprdwd vejtT
Fwggll gLNfh= kjiggwF vjpnuhsng milej Tjh KwyYk jstgisT
milejNjh mejg gLNFh=zNk jstiasTF Nfh=k MFK ip.

GU L Ih bj)

NkYk ghllb— mwQh rh NItl GU JbIh (Sir David Brewster), jstiasTfT
NFh=zjgy vinuhsigcé milej kwwk xsityfy miulejy xsiffjhfs
xdWfnthdW nrgFjJd vdf f=zlwejhh. i, vdgd jstiisTg gLNfh=zk vdTk
rovdgd ,jwfhd xsityF Nfh=zk vdTk fUjidhy> tbtiay gb

r =90°-i
p p
Indy tjaylUed xsiGFk CITjjd xstiyfy v=z

xsoyfy vz
sini, _

sinr
p
»,gF n vdgJd xsityyfy vz=hFk.

,ued rpad kjigig gujialLk Nghd gdtUk rkdghL fim ITFk.
sini,  _sini,

= =n
sin(90°-1i,) cosi,

tanlp:n

, JnJhInGFF GU ] Ih tj vdW ngah. GU]JIh tjpadgb xsiGFk CIfjjd
JstuisTfE Nfhizjjd NIQrdl kjig& mej CIfjjd xstiyfy vzzwFr
rkkhFk. jstiisTf Nfhzk myyd GUJIh Nfhizjjpd KkKjg& xs) GFk
CIftjjd jdik rhhejJ.

JLILTFTs (Pile of Plates)

gFJ) JstuisT milej xsjia KOtJk jstyisT milej xsjahft khwwjiy
G&JI1h tbjad mbggilayy  JIIUFF  nrafwd. ,Jly  XtnthdWk

fulklljJdld 9 - ip NFh=zj iy cssthW gy f=z=zhb jlLfs xdwdgd
xdwhf mLffy s tffgglLssd , 1=z xsiffjh ,jjliLfsd kJ i, NFh=jjiy
©oOtij ,ttikgs cWy) nrafwd. mLjjLjjJ jJlLfsid toNa ,ej jstisT
mww XS) nryYkNghd tiyfyilej xsjay guggwF , 1zahfAss mjhTfs
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mLjjLjJ JILFs)yy NkYk vjnuhsigc mialfidwd. ,jd %yk vjnuhsigG
milej TJUKk tiyfyilej fpuk KOtJk jstisT milHhdwd.

;ulil xs) tyfyd %yk jstisT MFfk

vuh ] K] ghhNjhyid ] (Erasmus Bartholin us) vdw IrR ,awgay mwQbh
Jstistw xsffwiw fhyarl gbfjjd kJ t©tOk Nghd ,u=zL xsgyfy
fjhfshfg ghaf milfwd vdf Ff=lwejhh. vdNt> ,u=zL gkggfs
Njhdwfidwd. ,ej efornfF ,ulil xsityyfy vdW ngah. Fthhl > s kffh
Nghdw kww nghUsfTs)Yk ,gg=G th=ggLfwJ.

Gss) xdwiad fhyiarl gbfjjid toNa nrgfjjha ghhfFkNghd ,u=zL gkgqgfs
NjhdWk> gbfjajr RowWk Nghd xU gkgk esyahfTk kwnwhU gkgk
eiyahd gkgjij RwwAk t€tUfwJd. ermyahf css gkgk O, xstoyfy
4y fSTF clgLk rhjhu=z Tphdhy VwgLfwd. kwnwhU gkgk E, xyrtoyfy
Tty fSTF clglhy mrhju=z fFyhdhy wvwglbfwd. ,ejJ mrhjhu= xsiFfjh
KOtJdk jstuisT milej fTjh vdf fz=zlwagglLssd. ,ulil xsuyfty
VwgLk gbfjjid csNs rhjhu=zffjh midjJdj jierfsiYk xNu jisrNEFj iy
nryfwd. Mdhy> mrhjhuzffjh xtnthU jJiairaYk nttNtW jiarNtfgfsy
nryfwd. gbfjjid csNs css Gss) xs) %yk xdW rhjhuzfFjiUFFT
Nfhst miyKfgigAk mrhjhuz FTHUFF estll miyKfgigAk cUthfFk.
gbfjjid csNs xU Fwggll jiiray ,ttuzlL fjhfSk xNu jisrNtfjjly
nryfidwd. mejj jiirfF xsjaay mrR vdW ngah. xsjaay mrrny ,u=ZL
fhfSk xNu xsgyfy vzizg ngwUFFk. NkYk ,ejJ mrrnyy ,ulil
xsoyFYk Vwglhd.

xsjajay, nrayGhAk gbfgfs)d tiffs

TthysrD Fthhl > Ihkayd kwWk gdifflb Nghdw gbfgfs xNu xU xsajay
mriarg ngwwssd. vdNt mit XurRggbhfgfs vdW muoffggLfidwd.

skffh G—guhfk (Topaz) nryjsdl> muhNfhadl Nghdw gbfgfs ,u=zL
Xsjaay mrRfEsg ngwWssd. vdNt mit <urRggbfqgfs vdw
m 1 offggLfidwd.

eNfhy gllfk

eNfhy (Nicol) gllfk kww xsiajay futfSIid ,i1zed KOtJk jstisT
milej xsima cUthffTk MaT nrad ghhffTk gadgLfwd. eNfhy gllfk
,ulml xstiyfy efotid mbggilay nraygLfwd. ,jid 1828 ,y tiyyiak
eNfhy vdw mwQH cUthffdhh.

mFyj i jgNghdW %dWkIqgF esk nfhzl fhyisrl gbfjjdhy gbfjjd
NfFh=zqgfs 72° kwWk 108° cssthW %iaytlljjd toNa ,uzL Jz=zLfshf

ntllgglfwd ,ttu=zlL J=zLfSk fdlh ghyrk vdw xsiGFk rnk=zl1 nfth=L
xdWld xdW xI1lggLfidwd.

xwiw ew XxXs|%yk xdwylUed tUk jJstiistww xsp eNfhy glifjjd kJ
©oOfwd vdffuJdf. ,ej xs) ,ulil xsgyfy miled rhju=z kwWk
mrhjhu=z TFjhfshfg ghaft miled nteNtW JiarNtfgfsy nryfidwd.
rhjhu=z xsifFg (xwiw ew Nrhba xs|) gbfjjid xsyfy vz 1658 mrhjhu=
xsifF xsgyfy vz 148. ,NJ miayesk nth=zl xsifFf fdlh ghyrjjd
xsoyfy vz 1523

fthdlh ghyrjjidhy rhjhu=z xs) KO m¥ vjinuhsigé miled> gbfjjid kwnwhU
Kfk toahf ntsiNawhky jJLFfggLfwd. KO jstiasT milej mrhjhu= xs)
klLk gbfjjid toahf ntsiNawfwd.
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eNfhy gbfjjid FiwghLfs

msty ngha> Fiwghlww fhyirl gbofqgfs fiilggd mhJd. vdNE eNthy

gbfjjd iy kf mjfk

mrhijhu=zT Tjh rhaej eliyay gbfjjid toNa nrytjhy> gbfjjyyUed

ntspNaWk KO jstuisT milej xsFfjh vgnghOJdk xU gfFfkhf
tyfy milejjUfFk.

xU Fwgglll tukgy KILNk , jidg ghhff KbAKk.

eNfhy  glifjjiyUed ntsNaWwk xgffjih  ruhf  KojstisT

miu lejUfthd.

xsjir, njwyid %yk jstisT MTfFK

tsk=zly %yf$WFshy #ha xs) rjwy i lAk Nghd ,ej %yfBWFsyy css
vyfluhdfs #ha xsaYss kdGyjjid mjhti 1AK $WFfsid  ghjigGFF
clgLfidwd #ha xs| jstyisT mww Xsj vdgghy> mJ mld_jJ Jinrfs)yk
mjhTFis cUthfFRdwd. ,ej mjhTWk vyfluihdfs mtwwd mjhTFSTFE
nrqFjjhd jimray ghhflfapy> ghhfFk jJiirfFE nrgFjjhd jisrayy KILNK
Mwviy ntsNawwfidwd. Mathsh xUth #ha xsiia mJd guTk jJjirfF
nrqFjjhd jiarazyy ghhfifay> ghhfFk jiarfF nrqFjjhd jisrayy mjhTWk
vyfluhdfshy cUthffggLk Tjhfs KILNk mtiau tejilAk. Mathsiu
tejilAk xs) KotJdk jstuisT milej xs) vdgd , jiviUej njhfiwd.

xsjajay, FfUtFs (Optical Instruments)
ehk mdwhl thotly gyNtW xsjaiay fTUutfisg gadglLjJIfidNwhk. mtwWs
EzZNzhff» njhiyNehffp ewkhiykhd) kwwk kdij tiofs

vsia EzZNzhfH

vsia EzNzhff) vdgd xU nghUsid Neuhd cUgngUffk nraaggll kha
gkgjijg ngw cjTk Fiwej FuajJdjuk () nfhzl xU cUgngUffk
(FgfFk) nydR MFk. vdNt nydnd xU gffjjd FtajJdjujjywF clgll
njhiytwFs nghUs stffgglL mLjj gffjjid toahf mijg ghhff Nt=Lk
kfTk mUfhikay css vejg Gss) tiuvay fzz=zhy njsithff fth=
,aYNkh mJ mz=zikgéss) vdTk kfTk njhiytlyy css vejg Gss) tiuay
njspthff fh=z ,aYNkh mJd NramkgGéss) vdTk miuoffggLfiwd. eykhd
fzzd mzikgéssiad nghayT 25 cm (D vdW FwFfggLk) NramkgGss)
wyhj njhayty ,UFFk.

mz ikgéss) FtaggljJjy

gkgkhdd mz=z ikgGssjazy (mjhtd> 25 cm) cUthFk Nghd f= kff Fiwej
mst rukjjwF csshFk. mzikgGssiad njhiyT njsiTW fhlnad krrw
nghayT vdTk mioffggLfwd. nghUsid njhayT f 1 ©lIf FiwthfTk
gkgjjgid njhaiyT m=ziukgéss) D MFfTk ,Uff Nt=zLk ,ejJ nydnd

cUgngufftk> m=—

U njhiyTFSNk nydrwF , 13 gffkhf mstlggLtjhy v=-D vdTk u =-
u vdTk gujiasl m= b
-u
-D
m=—
-u
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cUgngUffk m,u, FoalJdjuk %yKk vO jyhk.
nydR rkdghlhd mjhtJ

1112 mjhtJd m=" g gujjau m=1---
v u f u f
v=-Dvdg gupai>

m=l+2

,JNt m=zikg Gss) FtaggLjJdjyid cUgngufftk MFk.

-ayGeliy FtaggLjJdjy: o ) )
,ayG eny FtaggLjJdjy - nghUsid gkgk <hyyhj njhiytyy NjghdWk. ,ej
egiyay fzfSTF vttt rukKk ,dwg gkgjij trjiahfg ghhff KbAk.

,ayGelly FtiaggLjJdjy gkgk <hyyhj njhiytty css Nghd VwglLk
cUgnguffjijj JwNghd Th=zyhk gkgjjwFk> nghUSTFk css tfj

Em:%QCUgngUffj 1Jf nfhLfFk <hyyhj njhaytlyy kwWk <hyyh mstiy
g

VwgLk gkgjjwfhd emnlKiwj njhlhgad ngw ,ayhd. vdN©t> ehk Nfh=
cUgngUffjij ,qFg gadglLjjyhk. nydnd cjtiahy ghhffgglLk gkgk
VwgLj jiaf Nfh=zjjwFk 6; nydrnd cjtadw ntWk Ff=fsidhy ghhFfgglLk
nghUs VwgLj jiaf Nfh=jjwFk 6, css tfjjjwkH Nfh=z cUgngUffk vdw
ngah.

4

9o

m=

ntWk f=zfsidhy ghhffggLk nghUSTR
tang, »q, :%
nydnd cjtiahy ghhffgglLk gkgjjwF

h
tang, »qg, = T
Nfh=z cUgngUffk

m=% - /I f

g, h/

m=

Nkwf=1 rkdghL> ,ayGeny FtiaggLjJdjYffhd cUgngUffj i jf nfhLfFk
M= 1 KgGs S| FtiaggLjJdj Y ffhd cUgnguffjrjuob ,ayGeny
FtiaggLjJdj Y ffhd cUgngUftTtk FawthFk. m= 1 kg GCssiay
FtaggLjjoggll gkgjnjg ghhggmjul> ,ayGeay FtaggLjJdtjidhy VwglLk
gkgjmjg ghhggd FT=FfSTF vsjjhFk D/f ,d ngha kJgefSTR ,u=zL
cUgnguffqfSfTF , 1INa css NtwghL kifTk FiwedgLfidwd.

EZN=zhffiayd ghjwd
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EzNzhfhiaf nfth=zL nghUis cwWNehfFtjd %yk mgnghUs njghlhghd
ttugfis mwayhk. xU eyy EzNzhfflahdJd nghUis cUgngUffk nratJd

klLkyyhky mgnghUslyy nWkj njhaytyy (do) Ohij ptffggll ,U
Gssifisg ghjjwed FhllTk Nt=zlLk ,gF d . vdgd ghgG vdTk mjd
Juyfo ghjwd vdTk mwaggLk.

, Ikrhh ghgig (ikag ngUkjjid Muk)

VwFdNt ghhjjg 1 =221

xU EzNzhfhay> nghUsid njhayT vdgd FuajJdjujejg () ©l rww
myiFkhf ,UFFk NkYk gkgjjid njhayT vy ffFg gjiyhf v vdW khww
1.22 v
r =
a

o Vvdgd nghUsd kIss ,U GssifSTF L, alggll njhiyT vdy
cUgngUffk m

m=

dmin

o 1.22 v _ 1.22 v _ 1.221u
m am a(v/u) a

d = 1.221f A= f]

a

d. =

min

N\Nm=v/u]

nghUs css gffjjiy

2tan b» 2sin b =%\[a = f2sin b]

_1.221
™" 2sin b
nWkj njhiyT (dmin) JJid kjigig NkKYk FiwggjwP EzNzhffiaod nghUsUF
nydi ] mpf xstyfy vz n nfhzl vznza euggggll nfhstydy
%ofitjDP xsjad ghijia mjyfhfFf Nt=Lk.
1221
™ 2nsin b
»,J Nghdw nghUsUF nyd ]JfSTF vznzaay %ofitffggll nghUsUF
nyd] vdW ngah. nsinggjjjwF vzzjay Jis NA vdW ngah.
1.221

T 2(NA)
EzNzhfhad gujwd Rwvdgd
R = 1 _ 2(NA) _ 2nsin b
“R . 1221 1.221

min

njhiyNehfhiad ghjwd

VwfdNt tugffggll HinIffigngWk , Ikrhh ghggd jiyfo njhmyNehffiasd
gujwd vdggLfiwd.

njhiyNehfhad gujwd
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VwfdNt  tUtffggll rkd Hi IffgngWk , IKrhh
nghayNehfflaad gujwd vdggLfiwJ.
1 a

RT
r, 1221f
$IL EZN=zhFFH (Compound microscope)

$IL EzN=zhFlaad mikgG fhllgglLssJd. nghUSTF mUNF css nydRfFg
nghUsUF nyd] vdW ngah. ,ejJ nyd] nghUsid nkaahd> jsyfohffggll
kwwk cUgngUffggll gkgjejj NjwWofFk. ,ggkgks ,u=zlhtd nydrhd
fz=zUF nydRfF nghUshfr nraygLfwd. fz=UF nydRfF nghUshfr
nraygLfwd. fzz=zUF nyd] Xh vsja Ez=zNzhffi NghdW nrayglL
,Wjpahftg nghjhffggll khagkgjujj Njwweffwd. nghUsUF nydndhy
Njhwwerffggll jJiyfohd Kjy gkgke fz=UF nydRfF neUffkh Mdhy
mjd FtagguggwFs ,UfFkgb rhnraAk Nghd> ,Wj gkgk filljjll <hyyhj
nghaytty myyJd m=zikg Gssjay NjhdWk. ,Wjigkgk c=zikahd
nghUisgnghUjJdj jimyfohtt fm TRk

$IL EzNzhfFfiaad cUgngUTFk
Tjh xsiggljjyiled nghUsUF nydnd gffthlL cUgnguffk gdtUkhw
mo:E,UeJ tanbzﬂzh—

h f, L

n
h

m. =

o fo
,gF L vdgd fz=z=zUF nydrd Kjy FtagéssifFk nghUsUF nydnd
,uzlhk FtagéssifFk ,i1INa css njhiythFk. ,jwFF  S$IL
EzNz=zhfhad Foyid esk (L) vdW ngah. NkYk f, kwwk f. ,u=zLk (L) 1 ©lf
Fiwthfjjhd ,UFFk.

,WJI gkgke mzikgéessiasy mikejhyy fZz=zUF nydrnd cUgngUffk me
gdtUkhW

me:1+2

m=z 1kgGss) FtaggLjjyid nkhjj cUgngUffk (m) gdtUkhW
gLog, DO
m = MoMe = 9—+g1+—+
e f0 ge fe /]
, Wjigkgk <hyyhj njhiytly mikejhy (,ayGeliy FtiaggLjJdjy)y f=z=UF
nydnd cUgngUffk m. gdtUkhW

D
m, =—
f

,ayGelny FtaggLjJdjyyy VwgLk nkhjj cUgngUffk m gdtUkhw fim IfFk
gLozDO
m=MmMegMe = ¢ fC T
¢ foné fep
thdiay njhiyNehfhiaad cUgngUffk
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gkgk VwgLjJk NfhzjjwFk B, nghUs Kjdik mrRId VwgLjJk
NFh=zjjwFk a css tfijNk thdiay njhiyNehffhiaad cUgngUffk (m) MFk.

gljjiyUed a=—; b= fﬂ

0 e

m=-=
f
thdiay njhi yNehffpapd Njhuha esk>
L="f+f

vjinuhs)gGj, njhiyNehff (Reflecting telescope)

nghha mstyhd kwWk xs@aay Fiwghbfsww gkggfisjy NjhwWwgFFk
nydRfis cUthfFtJd kfTk fbdkhdJd kwWk nghUlnryT kiffJd MFk. etd
nghayNehffifsy nghUsUF tiyayfshf nyd ] fSfF khwwhf Fo Mbfs
gadgLfidwd.

nghUsUF tyiyfshif Fo Mb nrayglk njhiyNehffifFE  vjinuhsigG
nghayNehffi vdw ngah. It $LJy rggidg ngwwssd. Mbay xNu xU
gugged kILKk nkUNfwwg gsgsgghf 1tjJIf nfhstJd NghJdkhdjhFk. Mdhy»>
nyd iy ,U gug6FSTFk mttgjk nraa NtzlLk nyd]fs mtwwd
tskGfs)yy KILNK jhgfi eWjjggLfidwd. Mdhyr Mbfisg gadgljJIkNghd
mtwwd gdgffk KOtijAk jhgfiggbggjwFg gadglLjjyhk. ,UggDk
vjinuhsigG njhiyNehfflazy xU Fiwghh cssJd. mjhtd nghUsUF Mb
nghayNehffif Foyld csNsNa xs) Fouffgglfwd. fz=UF nydnid Foyd
csNs nghUjjr gkggajf Tth=gd rukkhFk. ,fFEwghL jJwNghd erthjjj
nraagglLssd. mjhtd ,u=zlhtd Fty Mb xdwidg gadglLjj Foyd
csNs FtaggLjjogglk xsiia Foyid ntsiggffkhf nfh=zlLted gkgjnjf
Th=zyhk

ewkh i ykhd) (Spectrometer)

gyNtW xsioyqfsiyyiUed tUk ewkhiyfis MuhaTk nghUsfsid xyrtiyfy
vzTtist Ffz=fhlTk ewkhiykhdfs gadgLfidwd. ewkhiykhd) xdw
mbggi lagy ewkhaykhd; %dW gFjfist nfhzlssd mit KiwNa
, 1zahffp Kggllf Nkal kwwk nghayNehffi MFk.

, 1 Zzahff

,1Z xsffwiwia cUthfFk mikgNg ,izahffh MFk ,J xU
FoinydirAk xs%yjij NehfflathW css> khwwf$Sba thT cila
nrgFjJg gsitAk nfh=zlJd. gstid njhiytisdr rhnrad nydnd
Fouajjiy eiyeWjj KbAk Kggllfjjd mbghfjJdid ,izahfh
cWjyiahfg nghUjjgglLssd.

Kggllf Nkil

Kgglltke fww=] Nghdwtwiwg nghUjJdtjwF KggllIfNkal gadglLfwd.
%dW rh nraAk JIUFFSId mikej ,u=zL ,i1=zahd tlltbtj jlLfs
Kggllt Nkilay cssd. RoYk tifay nghUjjgglLss Kggllf
Nkilad eiyia nthdiah Vi kwk V> MfatwiwF nfh=zL mwayhk.
Njatahd caujywF Kggllf Nkila cahjdk tifay mJ
mikffgglLssJ.

150 | P a g e APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187




njhiyNehff

,J thdiay njhaiyNehffi tiafmar rhhejjhFk. ,jd xU Kiday
FWFfFf fTkgfSld mikey Ffz=zUF nydRk mjd kWKsday
nghUsUF nydRk cssJ. fzzUF nydRfFk nghUsUF nydRfFk
,1INa css njhiytidr rhinrad njsithd gkgj i jf FWFFT fkgay
Njhdw nraayhk.

thltbht msTNfhy xdW njhaiyNehfFfAId Nrhed RoYk tifay
nghUjjgglLssJ. njhiyNehffi kwWk Kggllfikial ,uzilAk tUKGkK

L4y enyewjJdeggwrhft ,u=zL Mu JUF Mzifs cssd. NkYk

Elgfkhfr rhinratjwkFj njhLNFhL JIUF M=z FSk th=zggLfidwd.
ewkh i ykhdiayy, Nkwnfhss Nt=zba ruikgGfs;

ewkhiykhdimag gadgLjji Matied NkwnfhsSk Kdghfg gdtUk
ruikgéfasr nraa Nt=zLk

1. fZ=zUF nydirr ruikjjy

njhayNehfhia xs/Alllgghl gugged Nehffir Rowpy FWFFF
fkgia KdDkgdDk efhjjij njsithd gkgk fz=FfSTFjJ njhAk
LAy mpud enyeWjj Nt=Lk

njhaiyNehfFhiar ruikjjy

xsithd gkgk totjwk , 1ZzTjhfisg ngWk tifay
njhiyNehffilaj njhiytly css nghUs xdiwfF fhZk tifay
ey eWjj Nt=zLk

, izahfhmiar, ruikjjy

, 1 zahfAfF Neuhf njhiyNehfhiaf nfh=zL tuTk FWFFF fkgay
njsithd gkgk fiilfFk tiw , izahfhad gstwFk nydRfFk
, 1INa css njhiyrtr rhnraa Nt=zLk.

Kggllf Nkiliar ruikjjy,
,urkllk kwWk rhnraAk jUfthzfisg gadglLjjp Kggllf Nkalia
finlkll giyay ,Ujjyhk

Kggllfk nraaggll nghUs)d xsityyfy vzizf fth=zy,
ewkhiykhdiaoad nghlffr rumkgGFasr nraa Nt=zLk Kggllfr Nfh=zk A

kwwk nWk jiarkhwwf Nfh=zk D Mbhatwiwr f=zlwed Kggllfg nghUsid
xstyfy vzizft f=zflyhk

1. Kggllff Nfhzk (R)

Kggllfjjd xsyyyFggffqfs rejifFk Kid ,izahffitag ghhfFk
tifay Kggllf Nkilkd Kggllfk wtffggLfwd. ,sizahfhad gsT
Nrhba Mttisthidf nfth=zL (xwiw ew) xs)AlllggLfwd. , 1 zahfhayilUed
tUk ,i1zfjhfs Kggllfjjid AB kwWwk AC gffgfsyy tOed vjinuhsigG
m 1 I fidwd.

, ttuzL mstLfsid NtWghL> njhiyNehtf Rowwggl ¥ Nfh=zj i jf nfhLfFk
,TINFhzk Kggllff Nfh=zjjd ,u=zL klgfwFr rkkhFk. ,kkjiggy ghji

Kggl IFF NFh=zj i jF (A) nFhLFFkK.
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2. nWKkjrarkhwwf NFh=k (D)

, 1zahfhayUed tUk xs) Kgglifjjd Xh xstyF gffjjid kJ toed
kWgffjjd toNa xstiyfy milej xsjiaj njhiyNehffiaad toNa ghhFFk
tifay Kggllfjij Nkl kJ nghUj j Nt=Lk. JwNghJd
JiarkhwwfNfh=zj jid kjigé FiwAk tifay Kggllf Nkilsar Roww Nt=Lk.
xU Fljjy gkgk Xh ,1jjiy edW> Kggllf Nkilia NkYk njhlhed
RowWkNghJd  jiUkg MukgifFk. njhiyNehffiagy ghhjJIf nfth=Nl , §jr nraa
Nt=zLk ,eeuyffhd mstlal Wk jiarkhww enyffhd mstlinlf
nfhLTFK.

JwNghd Kggllfjij effigllb , izahfhayUed tUKk gkgjij NeubahFf
nghiyNehfflaagd toNa ghhfFk tiafay njhaiyNehffizar Rowrt mstLfisT
FwjJdfnfhss Nt=zLk ,ttu=zL mstLfsid NtWghk rWkjisrkhwwt
NFh=zjujf (D) nfhLfFk. Kggllfk nraaggll nghUsid xsitiyfy vziz=g
gdtUk rkdghlbadg gadgLjjif f=Tflyhk
. 2A+Dp
Slng -

_ & 2
aer

sin
824

ntwwl Kggllfk xdwDs jutjiaj euggr NkwSBwggll mNj Kiway
Nrhjadfis efojj jutjjd xsoyfy v=ziai=zf fh=zyhk

m=

kdij tio) (The eye)

kdj cahfsSfF ,awifahf mikag ngw xsjajay FfUt tofshFk
tYonydR RUgfi thAk jdikia ngwwUggjhy tionydrnd FtiajJdjujij xuU
Fwggll mstwF toadhy khwwaikff ,aYk tofs KO jJshT enyay
cssNghd mtwwd FtiajJdik ngUkkth yofisr RUFFRg nghUsTisg
ghhfFk Nghd> mtwwd FtajJdjuk rwWkkhFk. njsiethfg nghUstist fth=
nghUsid gkgk tiojjjpimuvayd kJ (retina) rhjahf tioNt=Lk tad tej xUthd
toad wllk fIIJjIl 25 cm. mjhtd tgonydRfFk tojjimufFk , 1lNa
css Jjuk vgNghdk 25 cm MFk tioay css ,uzL xs|iGFk jutqfshd
mfFt] jutk kwwk ©lu] jutk Nghdwetwwd xstyfy vzfist fUjjJy
nfhsshky> tioad xsjaay nrayghlalg gw ,gF ehk gbffyhk. rhjhu=
ghhit nfh=l xUtuhy> <hyyhj njhiytyy stffgglLss nghUisg ngUkKF
FouajJdjugJdld fnax rukkidw tioad %yk fh=z ,aYk ,Nj NghdwWw 25 cm
njhiytlyy i#tffgglLss nghUisr rWkFf FtajJdjujJdild fnin toaidr
RUFRF fh=z ,aYk

kdjtioaad ngUkF FtajJjuk frnax kwWk nWkf FtajJdjujjwfhd (fmin)
rkdghl il gdtUkhW tUtffyhk. nyd] rkdghlbyUed»

nghUs <hyyhj njhiytly cssNghd u = -0 kwWk v = 2,5 cm (tionydRfFk
tojpuiuFFk ,i1INa css Jjukp ngUkF FtajJdiujdld (fnx) rukkidw
goadhy nghUast thZk enyay

fmax =2.5¢cm
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nghUs m=zikg Gssay c<cssNghd u = -25 cm, kwwk v = 25 cm. nWkF
FuajJdjujJdid toandr Ruffi nghUist fthZk einyay.
1 1 1

f  2.5cm B -25cm

min

fmax — fmin = 0.23 cm ,ejJ rwa msT tonydrnd FtajJdjujij khwwetjd %yk
<hyyhj njhiytiyled m=z ik eiygéssitiu nghustis ekkhy fth=z Kbfiwd.
JwNghJ> ehk ghhitary VwgLk ry nghdthd FrwghLfisg gwwg gbffyhk.

Hllgghhi € (myopia):

fillgghhi €t Frwghlbdhy ghjiffggll eghdhy njhaytlyy css nghUisj
ngsiehff fh= ,ayhd. ,fFiwghlbwfhd fThu=zk tonydrnd FtiajJdjuk
kifTk FiwedtLtjhFk myyJd tiof Nfhsjjd twllk ,ayG eiyratl
mjiFkhf ,UggjhFk. ,ttif Frwghlbdhy ghyffggll eghfsidhy mthfsid
f=zfisj NjitfF mjyfkhf jshtrolar nraa ,ayhd. Mdhy nydRfisg
gadgLjj ,fFFawghlbadr rhnraa KbAk.

nghiytlyy css nghUsiyiUed tUk ,izfjhfs tojjiiuia milAk KdNg
FoffggLfidwd. Mdhy mUNF css nghUsTis ,thfshy edF fth=z KbAk
fllgghhit FiwghLila eguhy ghhfFFggLk ngUkj Jljuk x vdf. rh nraAk
nydirf nfh=zL <hyyhj njhiytlty css nghUsid khagkgjij x Gssay
VwgLjj1 , FFEwghl i lr rhnraayhk.

nyd] nfh=zL Hfllgghhit Fiwghlalr rhnraAk nydnd FtajJjujajfT
f=zThHlyhk

rhy nraAk nydrnd FtajJdjuk

nydiarf nfh=zL <hyyhj njhiytlyy css nghUsid khagkgjij x Gssay
,QF u=-o,v=-x ,kkjigGFfis nyd ] rkdghlby gujialLk Nghd>

rh nraAk nydrnd FtiajJdjuk

f=-x
Nkwf=z1 rkdghlbYss vjhFwahdd> gadgLjdk nyd] xU FonydR
vdgijt fhiLfwd. mbggilay ,izfjhfis ,ejf FonydR thfjhfsht
khww ,ejf FonydR tihhfjihfsht khww tioj jimvasy Foiaks lar nrafwd.

Jlugghhi £ (Hypermetropia)

Jiugghhi €t FiwghLila eghdhy tofF mUNF css nghUsTis]) njsiehff
th= ,ayhd. Jjg ghhit FiwghLala eghfsd tonyd] ,ayigul
nkyyiajhtf fth=zgglLk ,jd fThu=zkhf tionydrnd FtajJjuk kF mjFkhf
,UFFk myyJd ,ayigtl tofNfhsk RUgHh tiLtjidhYk ,fFrwghL VwgLk.
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,FFiwghLila eghfsd njsTW fhlnad krrW njhayT (Least Distance for
clear vision) 25 cm ©I mjfkhf ,UFfFk vdNt gbggd kwWk rwa nghUsfisT
ifay vLjJJIg ghhggd ,thfSFfF rukkhfaUfFk Fwgght® tad %ggd
fhuzkhf VwgLk ,ttif Jlugghhi tFF ntsnsOjJ (Presbyopia) vdW ngah.
tajhdthfshy tiomar RUFFH tionydnd FuajJdjujaij Fawff ,ayhd.

m=zikg GssjaYss nghUsiyilUed tUk xsiffjhfs tojjinufF gdGwkhfF
Fvasktd fhllgglLssd. Mdhy> ,fFiwghLala eghfsidhy 25 cm fFFk
mjifkhd Jlujjiy css nghUsTisjjhd th= ,aYk Jlugghhit FiwghLiula
eghd toayUed ehk TUJIKk GCssiad Fiwejglry Jjujij y vdf
,JINJJWF mgghy css nghUsfTis kILNk ,fFawghLala eghdhy ghhFfF
KbAk. ,fFiwghlbadr rhnraa 25 cm Jujjiy (m=zikg Gssjay) css
nghUisg ghhgywF 25cm Jlugljly ©ss nghUsid khagkgj s jr rhnraAk
nydrnd cjtiahy toayilUed y Jiujjiy Njhwwoff Nt=Lk

nydR rkdghlalf nfh=zL Jjugghhit Fiwghlalr rhnraAk nydnd
FouajJdjugnjft f=thlyhk

. u=-25cm,v=-y. ,kkjigéfois nyd ] rkdghlby gujiaiLk NghJ>

25cm y y~ 25cm
;- y~ 25cm
y - 25cm
Nkwf=1 rkdghlbadf nfh=zL Ff=fhlggLk FtajJjuk vgNghdk NehFw
kjigigg ngwUTFk. Vnddyy» y wvgNghdk 25cm 1 ©l mjifkhf ,UFFk
FtajJdjujjiy css NehFwp gadgLjjgglk rhnraAk nydR FtnydR
vdgejft fhliLfwd. mbggilay ,ejf FonydR y njhiytwF mgghy css
nghL#spngeJ tUk xsiffjhfis rwNw Ftar nrad tojjinuayy Ftiakilar
nrafwd.

xUjsg ghhit (Astigmatism)

tonydny» NtENEW  tiasT Mugfisgngw  jsqfs fh=zggLtjhy
xUjsgghhitF Fiwghh VwgLfwd. xUjsgghhit FiawghLila eghdhy
midjJj jJiarfsiYk njsithf xdWNghy ghhfF ,ayhd. fillgghhit kwWk
Jlugghhit Frwghlaltl ,fFiwghL rwNw nffyhdjhFk. nttNtW tTtisT
MugfFist nfth=zl jsqfis cila nydRfisg gadglLjj) xUjsgghhit
Fawghlilr rhnraa ,aYk nttNtW tisT MugfisAila jJsqgfist
nfh=zl nydRfSfF cUistbt nydRfs vdWw ngah. tad Kggd fhu=zkhf
xdWFF Nkwgll ghhitf FiwghLfs kdijhfSTF Vwglyhk. fillgghhit kwwWk
Jiugghhi €t Mfla ,uzL FiwghLfSk nfh=zl kdyjUfF gbggjwF FofFk
fzzhbraAk njhiytlyy css nghUstist th=zgjwF thfFk f=z=hbriaAk
gadgLjj Nt=zLk ,tthW jdjjdahft fz=hbFfisg gadgLjItI rukkhFk.
,Jid efFgjwfh® ,ulil FuajJdjuk nfh=zl nydRFfSk (bifocal lens), njhlh
FuajJdjuk nfhzl nydRfSk (Progressive lens) gadgLfidwd.
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